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From the President: 


IMPORTANT MESSAGE 
on FISKE CRYOSCOPES 


Unauthorized use of the FISKE name and misleading statements regarding FISKE 


MILK CRYOSCOPES have come to my attention. These are the facts and here is a 





statement of our policy: 


There is not now, and never has been, a "New 1961 Advanced Fiske Milk Cryoscope” 
on the market. We are the developer and manufacturer of the FISKE MILK CRYO- 
SCOPE—the instrument around which the official procedures, as described in STAND- 
ARD METHODS FOR THE EXAMINATION OF DAIRY PRODUCTS, IIth Edition, 
1960, APFIA, and in LABORATORY MANUAL, Milk Industry Foundation, 3rd Edition, 
1959, are written. The Fiske Cryoscope meets the specifications of the A.O.A.C. 


Fiske Associates has prepared an accurate and informative booklet on Practical Preci- 
sion Cryoscopy which is available free of charge 


VARYING Users of Fiske Cryoscopes have been approached with proposals to 


SCALES change certain scale markings and make other modifications on their 
instruments, purporting to simplify their use. 














Fiske Associates does not sanction these changes because they limit 
the flexibility and accuracy of the instrument, which are important 
to maintain in the rapidly developing art of Milk Cryoscopy. 











All advancements in the FISKE method of Milk Cryoscopy—the development of the 
salt “equivalent sucrose" standards, vibrating rod stirring, and simultaneous “buzz’ 
freezing—have originated in our laboratory. Our latest development is "shock" freez- 
ing. This feature, an important contribution to the field of precision Cryoscopy, is 
available only in FISKE instruments. 


The first Fiske Cryoscope was built nearly a decade age. It proved highly successful 
in operation and for the first time in history made precision cryoscopy a routine labo- 
ratory procedure. The first Fiske Milk Cryoscope was introduced to the dairy industry 
in 1955. Several hundred Fiske Milk Cryoscopes have been built since then and are 
used in the laboratories of leading milk producers, processors, testing laboratories, and 
major research institutions throughout the world. 


Address any inquiries directly to me at the plant, or through our authorized agents. 


We will be pleased to reply promptly. 


FISKE ASSOCIATES, INC., BETHEL, CONNECTICUT, PIONEER 8-8369 


Creators of Precision Electronic Devices 
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ANOTHER BK PRODUCT 








WORKS MORE WAYS TO INCREASE 
MILK QUALITY AND REDUCE SANITIZING COSTS 


Here’s a new concept that offers more 
advantages in sanitizing and cleaning: 
PENNSAN ...a unique chemical sanitizer. 
It’s the superior bactericide to serve the 
needs of modern dairy sanitizing. 


PENNSAN’s outstanding properties have 
been established by extensive lab tests and 
highly successful dairy farm use. (Test 
results on request.) These all demonstrate 
that PENNSAN: 


@ Removes and prevents milkstone and films 
e Works effectively even in hardest water 
© Does not corrode stainless steel 


e Controls bacteriophages—does not affect 
starter cultures 


e Retains bactericidal effectiveness longer 
@ Sanitizes and cleans more equipment 


Write now for free booklet to B-K Dept. 
PENNSALT CHEMICALS CORPORATION 
East: 3 Penn Center, Phila. 2, Pa. 

West: 2700S. Eastern Ave., Los Angeles, Cal. 


Pennsalt 


Chemicals 


ESTABLISHEL 











Consistent 
QUALITY... 
TEXTURE... 
and 
FLAVOR 
THAT SELLS! 












CORN SYRUPS 


For those desiring an economical source of body-building 






solids and a smooth, “‘chewy” body in the ice cream, we 
recommend our OK REGULAR corn syrup. Plants whic! 
desire more sweetness in the syrup with a little less empha 





on “‘chewiness”’ or body of the ice cream, use Hubinger’s 

Whatever your ingredient prob- OK HIGH DEXTROSE. Those ice cream operators who 
iems may be, we'd like to help manufacture a product with a very low overrun and a fain 
you solve them. ‘‘The Man From 
Hubinger”’ will welcome the op- 
portunity to show you the ad- 


vantages of using OK BRAND 
Syrups in your formulas. Call to- and a clean, neutral flavor. One batch will convince you. 


high serum solids, use Hubinger’s HI-SWEET syrup in the 





mixes. HI-SWEET is an enzyme-converted syrup with a hj 
dextrose equivalent resulting in at least 65% sweetness val 


day for prompt service. Try OK Corn Syrups, soon! 














THE HUBINGER COMPANY {é 


Keokuk, lowa 
NEW YORK * CHICAGO + LOS ANGELES * BOSTON + CHARLOTTE + PHILADELPHIA 
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PEOPLE AND EVENTS 


Dr. L. A. Black Honored 


L. A. Buack, Chief of Milk Sanitation at 
the U. S. Public Health Service’s Robert A. 
Taft Sanitary Engineering Center, 4676 Colum- 
bia Parkway, Cincinnati, Ohio, received an 
Honor Award from the U. S. Department of 
Health, Education, and Welfare, Tuesday, 
April 11, in Washington, D. C. Dr. Black is 
a member of the Milk and Food Research Pro- 
gram at the Sanitary Engineering Center. 

He received the award for his work in the 
development and unification of laboratory 
methods and standards in milk and food sani- 
tation. He is recognized as an authority in 
milk bacteriology. Research conducted by him 
includes collaborative studies in the develop- 
ment and standardization of laboratory meth- 
ods for the examination of milk, studies lead- 
ing to the development of methods for testing 
bactericides, and extensive studies for evalu- 
ating the performance of laboratories. Dr. 
Black’s contributions to the scientific litera- 
ture include more than 80 articles. 

Dr. Black is also a member of the Society 
of American Bacteriologists, the American 
Dairy Science Association, and is a fellow of 
the American Public Health Association. He 
is now Chairman of American Public Health 
Association Subcommittee on Standard Meth- 
ods for the Examination of Dairy Products, 
Chairman of the Laboratory Committee of the 
National Conference for Interstate Milk Ship- 
ments, and is a member of the Public Health 
Committee of the American Dairy Science 
Association. 

Late in 1960, Dr. Black received the Annual 
Citation Award of the International Associa- 
tion of Milk and Food Sanitarians. This award, 
given annually to the individual who has given 
outstanding service to the Association, and 
who has advanced the cause of sanitation and 
the sanitarian, also was in recognition of his 
work in milk bacteriology. In the same year 
he also received a cash award for superior 
performance in his work at tne Sanitary En- 
gineering Center. 

Dr. Black has been associated with the Pub- 
lic Health Service since 1941. He and his wife 
live at 3722 Pleasant Street, Mariemont, Ohio. 


R. I. Meyer Appointed to Food and 
Drug Administration 


R. I. Meyer, for 12 yr. with the Quarter- 
master Food and Container Institute for the 
Armed Forces, has accepted a position with the 
Food and Drug Administration in Washington, 
D. C. He will be in the Food Research Branch, 
working under the direction of Dr. WILLIAM 
Horwitz, and will be the specialist for edible 
oil-containing foods. 





Since 1958, Mr. Meyer 
has been Chief of the 
Dairy, Oil and Fat 
Products Branch at 
the Quartermaster De- 
pot of the Armed For- 
ces in Chicago. In 1956 
he received Honorable 
Mention from the Quar- 
termaster Corps for his 
work on canned cheese 
products for the Armed 
Forces. 

Mr. Meyer earned the 
M.S. degree in Dairy 
Bacteriology at the Uni- 
versity of Illinois in 1949. 


R. I. Meyer 


UNIVERSITY NEWS 
Connecticut 


Dairy Day and Annual Dairy Club Dinner 
at Connecticut 


A very successful Dairy Manufacturing Day 
was held at the University of Connecticut on 
March 22, 1961. The program dealt with 
timely information and current problems in 
the dairy industry. Topics and speakers in- 
cluded: Greetings by Dean W. B. Youne of 
the College of Agriculture; Two Years Under 
the Federal Order—and a Look Ahead, Dr. 
S. Jounson, Department of Agricultural Eco- 
nomics, University of Connecticut; Dating of 
Milk, G. Hetmpoupt, Production Manager of 
Metropolitan Sealtest Foods; Operating with 
Smaller Margins, Dr. R. D. ApuLin, agricul- 
tural economist at Cornell University; Re- 
searches in Advanced Age, Dr. J. F. Cum- 
mins, Chief of the Geriatric Clinic, Veterans 
Administration, Boston, Massachusetts; Fats, 
Fads, and the Diet, R. W. SHarer, Eastern 
Regional Manager of the National Dairy Coun- 
cil; Problems Facing the Dairy Industry, Dr. 
W. A. Cowan, Head of the Department of 
Animal Industries, University of Connecticut ; 
and Research Highlights at the University of 
Connecticut by Dr. R. G. JENSEN. 

Dairy Farmer’s Day was held concurrently 





Projects, Consultation, and Production 
Control Services in 
Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—lInsecticide Testing and Screening. 


Write for price schedule. 
WISCONSIN ALUMNI RESEARCH 
FOUNDATION 
P.O. Box 2217-X, Madison 1, Wisconsin 
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“Now one man can do 
all the baling!" 


“Costs no more than 
many other balers alone!” 


New Holland Compact Hayliner 65, with Bale-Thrower, costs no 


more than many balers without automatic wagon-loading feature! 


Now bale twice as fast 





with half the labor! 





Today there’s a new way to bale—that lets 
one man bale and load faster than a 2- or 
3-man team! Fully proved on hundreds of 
farms. Choice of five baler models, including 
new Compact model. New compact model 
with automatic wagon-loading costs no more 
than many balers alone! 

Here’s the biggest farming news of ’61— 
proved, practical one-man haying! Now, one 
man can bale and load automatically —in 
half the time it takes with manual loading! 


How it works 
The new system consists of a New Holland 
Hayliner —the baler that outsells every other 
—plus a simple, sure-fire mechanism that 
“airlifts” the bales into the trailing wagon. 
You position the bales right from the trac- 
tor seat. Doesn’t miss—even on turns. 


What it costs 


Because of its simplicity, this New Holland 
baling method costs surprisingly little. In 


fact, the new Compact Hayliner 65 with 

Bale-Thrower costs no more than many 

balers without automatic wagon loading! 
Any Hayliner will soon pay for itself: 


@ You will save your own time, because you will 
bale steadily at much faster speed. 

e You will save labor costs. Instead of loading 
wagons your helpers can be doing other, 
more profitable work. 


If you already own a twine-tie New Holland 
Hayliner, you can easily convert to one-man 
baling and loading. If your present baler is 
another make, your New Holland dealer will 
offer you a generous trade-in, pay-as-you- 
save terms. 

FREE BOOKLET! Write New Holland 
Machine Company, Division of Sperry Rand 
Corp., New Holland, Pa. 


i NEw HOLLAND 


‘First in Grassland Farming" 
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this year to enable people to hear talks in 
both sections. The group was welcomed by 


Dr. W. A. Cowan, Head of the Animal Indus- 
tries Department. Other speakers on the morn- NEW KLENZADE APPROACH 


ing program were Dr. Rurus MunsELL, Ex- ' 
tension Agronomist, and C. B. BENDER, x Coutiolled, Coaty 
director of grassland farming research for 

Sperry Rand Corporation of New York. K 

EK. S. Harrison, manager of Harden Farms x 
of Camden, New York, discussed Making the 
Best Use of Roughage during the afternoon 
session. Available control facilities for dis- 
eased dairy cattle were discussed by Dr. 
CHARLES HELMBOLDT, head of the Department 
of Animal Diseases at the University of Con- 
necticut. 

In the evening the Annual Dairy Club Din- 
ner was held, and an outstanding person from 
the field of Dairy Manufacturing and one 
from Dairy Production were honored. This 
year the student organization honored LEWEL- 
LYN Dres_e, Production Manager for Bryant 
and Chapman’s Hartford Sealtest plant. Mr. 
Dibble graduated from the University of Con- 
necticut in 1927. He has been with the same 
company since September, 1927, working up 
through the laboratory, research, Sealtest su- 
pervision to his present position. 

GeraLD Hays of North Granby was the 
dairy farmer honored this year at the banquet. 
He has been active in town affairs, the Grange, 


C.M.P.A., Eastern States Farmers Exchange, | | THROUGH KLENZADE 
and the artificial breeding associations. He SANITATION SURVEYS 


has held important offices in these organiza- 
tions and is president of the New England Put Today 7 Best Methods 


Selective Breeding Association. 








Approximately 60 Nebraska dairy plant op- The economics of dairy processing are forcing a sharper 
erators participated in a Market Milk Con- look at cost reduction and quality control. Klenzade is in 
ference at the University of Nebraska April tune with this forward trend . . . ready to help you . 

4 and 5. The conference was sponsored by in all departments. Somewhere within yes range of manual 
the Department of Dairy Husbandry and the cleaning . . . CIP cleaning . . . semi tic. . . or fully 
Agricultural Extension Service. automated cleaning ... there is an ideal ene: Pom you. A 


Klenzade Sanitation Survey will reveal it — what to do, 
how to do it. And a Klenzade Program will place in your 
hand positive daily control of clean-up costs and quality 

. $0 far reaching and efficient that it will even include 
the trucks in your garage. Write for details. 


Subjects discussed included Education for 
Agrciultural Industry, Quality and Quality 
Tests, Possibilities for Diversification in the 
Milk Plant, Effeet of Processing Procedures 
on Fluid Milk Products, Chocolate Flavored 
Milk Problems, Automation in the Dairy In- 
dustry, Off-Flavors in Bulk Milk, Losses from 
Your Milk Filler, Cultures and Starters, and 
Factors Affecting Shelf Life of Cottage Cheese. 
In addition to the lectures, demonstrations of 
the long and short methods of making cottage | iwowipuat 
cheese were presented. | 

Speakers included Dr. Poin Keeney, Penn- 
sylvania State University; Dr. W. D. SIMONET, | company 
Robert A. Johnston Co.; R. C. Hopxryson, | 
Cherry-Burrell; R. L. Zrecier, Ziegler & Son; | APPRESS 
M. W. Hass, Klenzade; and Dr. F. E. EL- | 
DRIDGE, Dr. KHEM SHAnAnl, Dr. R. B. Maxcy, | Mail to : KLENZADE PRODUCTS, INC. 
= M. Niuson of the University of Ne- | pgpr. 206 BELOIT, WIS. 
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Yes! Gentle DeLaval flies can wel you do it! 


It’s no secret that rough milking machines, or 
improper milking, can predispose dairy cows 
to mastitis. That’s why you should know there’s 
a method of milking that’s remarkably gentle 
on cows’ sensitive teats and udder tissues .. . 
so gentle it can help you and dairymen in the 
fight to keep herds mastitis-free. 


De Laval milking provides maximum pro- 
tection to udders to help any mastitis preven- 
tion program work better. Here are the rea- 
sons why: 


1. Other milkers use wide-bore liners that 
cause cows’ teats to “balloon” to fill extra 
space. De Laval uses narrow-bores that fit snug, 
reduce impact when liners collapse, minimiz- 
ing danger of udder injury. 


2. Our magnetic pulsation assures absolutely 


pioneers in better milking for more than 75 years 


uniform milking with never a variation. Pulsa- 
tors are factory set, won’t get out of adjustment. 


3. De Laval cuts vacuum drop-offs that 
cause slow, erratic milking. Our rotary vacuum 
pump assures rapid vacuum recovery for faster, 
more uniform milking. 


These exclusive features are the difference 
between harsh milking and the gentle milking 
dairymen need for maximum protection of 
cows’ udders to help prevent mastitis. Gentle 
milking is built right into every De Laval 
milker .. . Suspended, Pail-Type, Cow-to-Can® 
and Combine Milker®. For further informa- 
tion, write: The De Laval Separator Co., 
Poughkeepsie, N. Y., or 5724 N. Pulaski, Chi- 
cago 46, Ill., or 201 E. Millbrae Ave., Millbrae, 


California. 
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New Hampshire 


Dr. H. A. KEENER has been appointed Dean 
of the University of New Hampshire’s College 
of Agriculture. He will assume the post July 
1. Dr. Keener will sueceed Dean H. C. Grin- 
NELL, who is retiring this year because of the 
mandatory age retirement for University ad- 
ministrators. 

Dr. Keener, who is Professor of Dairy 
Science at the University and Director of the 
Agricultural Experiment Station, will continue 
temporarily in the latter position. He has 
been a member of the University faculty for 
20 yr., serving first as Instructor in Animal 
and Dairy Husbandry and later as Assistant 
Professor, Associate Professor, and Professor 
of Dairy Husbandry. 

The newly appointed Dean has been promi- 
nent for many years in the field of animal 
nutrition research and has written more than 
30 scientific papers. He is the author, with 
Henry F. Judkins, of the book, Milk Produe- 
tion and Processing, published in 1960, and 
has served on the University’s Research Coun- 
cil. 

Dr. Keener is a native of Pennsylvania and 
holds the B.S. and Ph.D. degrees from Penn- 
sylvania State University and a M.S. degree 
from West Virginia University. He is a mem- 
ber of Sigma Xi, national honorary research 
society, Phi Kappa Phi, honorary scholastic 
society, the American Dairy Science Associa- 
tion, the New York Academy of Sciences, and 
the American Society of Animal Production. 


New York 


Thirteen Nutrition Fellowships Established by 
Food Industry at Columbia University 


A critical shortage of trained nutritionists 
and food technologists in the underdeveloped 
countries is being selved through a $78,000 
grant by seven major food processors in the 
United States. The grant will bring 13 foreign 
students to study at Columbia University’s 
Institute of Nutrition Seiences. 

Students specially qualified and selected for 
the project will be enrolled in Columbia’s 
recently established Institute of Nutrition Sei- 
ences under a system of fellowships set up 
by the seven firms. The program is designed 
to train leaders who, on return to their home- 
lands, can train others and develop effective 
public health and nutrition programs in the 
underdeveloped areas, with particular empha- 
sis on those countries in which malnutrition 
is a significant problem. 

Companies agreeing to co-sponsor and under- 
write the program are: The Borden Company, 
three fellowships; Campbell Soup Company, 
one fellowship; Corn Products Company, three 
fellowships; General Foods Corporation, one 
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fellowship; General Mills, Inc., one fellowship; 
H. J. Heinz Company, three fellowships; The 
Pillsbury Company, one fellowship. Each of 
the fellowships will be identified by the name 
of the sponsoring company. 

The program is designed to give advanced 
students an understanding of food supplies, 
food technology, human nutritional require- 
ments, the nature of deficiency diseases, nu- 
trition in preventive medicine, and the prob- 
lems involved in changing the food habits of 
large groups of people. 


Oregon 


Plans Announced for Second Foods 
Symposium 


Oregon State University has announced plans 
for a second biennial Symposium on Foods 
September 11, 12, and 13. Theme for the 
conference will be Oxidative Deterioration of 
Food Lipids, a major preblem in the manu- 
facture and storage of dairy and food products. 

The symposium, arranged by the Univer- 
sity’s Department of Dairy and Food Teech- 
nology, will bring together leading United 
States and foreign authorities for discussions 
on the undesirable chemical reactions occur- 
ring in man’s food supply and their implica- 
tions in the human diet. Sixteen authorities 
on lipid oxidation will speak during the three- 
day conference, with discussion and question 
periods planned after each lecture. Two sei- 
entists from abroad will be on the program 
along with the leading United States experts. 
They will be Dr. C. H. Lea, University of 
Cambridge, England, and Dr. Noporu Marsvo, 
Tokyo Medical College, Tokyo, Japan. 


Ontario 


A Dairy Plant Fieldman’s Conference was 
held at the Ontario Agricultural College March 
23 and 24. This was the first fieldman’s con- 
ference held at O.A.C. Pror. I. E. Parkin of 
The Pennsylvania State University presented 
two papers, Growth, Expansion, and Mech- 
anization of the Dairy Enterprise and Mastitis 
Prevention. Other speakers included J. Doan 
of The Carnation Company and T. DIcKENSON, 
Chief Field Supervisor, The Borden Company. 
O.A.C. staff nembers taking part in the pro- 
gram included Pror. F. W. Hamiuton, Pror. 
A. Leacatr, and Dr. D. R. Arnorr. The sue- 
cess of the program indicates that it will be- 
come an annual affair. 


An ice cream short course was conducted 
at the Ontario Agricultural College, April 3-7. 
Nineteen students from five Canadian Prov- 
inces and two foreign countries attended. Two 
Danish students, H. Larsen and Jens PEpDER- 
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NO FROZEN MILK 
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OVER ANY OTHER BRAND 


STAINLESS 
STEEL 


NO PAINT 


Blend Temperatures 
Than Any Other Cooler 


33° ice-water cooling removes 
milk heat fast. Does not lower 
butterfat test by freezing milk. 


@ Cools Milk for Less Than 1KW per 100 bs. 


on a Yearly Average — 
and Under Full Load 


Metered tests run at Young's 
Dairy, Twin Falls, Idaho, Dari- 
Kool used only .83 KW per 
100 Ibs. Send for this test. 

@ Protects Milk from Spoilage atti 
Electric Power or 
Compressor Failures — 


Dari-Kool’s large reserve ice- 
bank protects milk from spoil- 
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age during such emergencies. 


** In a national farm magazine preference 
survey of tank owners (all brands) Dari- 


Kool is now the 3 to 1 favorite over the 
second brand. Send for copy of survey. 
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DAIRY EQUIPMENT CO., Madison, Wis. 


DAIRY 





SCIENCE 


SEN, utilized modern jet service to attend this 
l-wk. course. The course covered all phases 
of mix formulation, mix preparation, and 
freezer operation. 


A Cottage cheese workshop was conducted 
at the Ontario Agricultural College on Feb- 
ruary 28, March 1 and 2. There were 61 
cheesemakers in attendance. Dr. D. M. IRvINE 
outlined the care of cultures and the mechan- 
ical sequences in Cottage cheese manufacture. 


The 1961 Dairy Short Course has been com- 
pleted at the Ontario Agricultural College. 
Thirty-one students from three provinces at- 
tended the course, which covered fundamental 
and practical procedures in manufacturing and 
testing of dairy products, dairy chemistry, 
dairy plant management, and dairy bacteri- 
ology. 


Saskatchewan 


D. L. Gibson to India 


The University of Saskatchewan has granted 
Dr. D. L. Gipson, Head of the Department of 
Dairy Science, a year’s leave of absence to 
proceed to India with the Food and Agricul- 
ture Organization of the United Nations. Some 
time will be spent in New York, London, and 
Rome. 

On arrival in India, Dr. Gibson will spend 
three months lecturing at the Karnal Dairy 
Research Institute, north of New Delhi, and 
will continue to pursue research in the field 
of ultra-high temperature heat treatment of 
dairy products. The remainder of the time 
will be spent at the Dairy Research Institute 
in Bangalore, where he will act as a research 
consultant in an advisory capacity. 


Mrs. Gibson and daughters, Mary Jane and 
Ellen Anne, will accompany him. 


His address in India up to August 1, 1961 
will be: F.A.O. Dairy Specialist, ¢/o Dairy 
Research Institute, Karnal, Punjab, India. 
After August 1, 1961: F.A.O. Dairy Specialist, 
c/o Dairy Research Institute, Bangalore, My- 
sore, India. 


INDUSTRY NEWS 
Ralston Purina Research Fellowships Award 


The three Ralston Purina Fellowships this 
year were won by: H. H. Hopson of Ames, 
Iowa, and a graduate of Iowa State Univer- 
sity, where he will also do his graduate work; 
A. J. Lee, of Quebec, Canada, and a graduate 
of Macdonald College. He has selected Cornell 
University for his craduate work. J. M. PHIL- 
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Kraft offers the dairy industry a 

HOW KRAFT wide variety of these ingredients 

for manufacturing ice cream, 

sherbets and frozen novelties. 

SERVES THE Each Kraft stabilizer and emul- 

sifier is produced to meet Kraft's 

high standards and 

DAIRY INDUSTRY is designed to fill a 

specific dairy need. 

Accordingly, 

WITH STABILIZERS ‘*s:e'c' 

that the dairy'’s 

end product will 

AND EMULSIFIERS 32°" 
goodness. 


STABILIZERS FOR ICE CREAM 
KRAGELEEN ICE CREAM STABILIZER. Used in any ice cream 
mix for vat pasteurization or HTST where the mix is preheated. 
Made from Kraft’s own specially processed Irish moss and 
designed to properly stabilize the mix and give it good body and 
a creamy melt-down. 

KRAGELEEN FL. A special formula, developed specifically for 
HTST, to produce a top-quality ice cream. 

STABILIZER FOR SHERBETS 
SHER-STAY SHERBET STABILIZER. A new Kraft develop- 
ment for stabilizing sherbet, Sher-Stay reduces spurting and 
improves texture and body. 

STABILIZER FOR FROZEN NOVELTIES 
KRABYN STABILIZER. In new instant form... an excellent 
stabilizer for frozen novelties, designed to produce a smooth 
texture, proper viscosity and prevent the growth of ice crystals. 

EMULSIFIER FOR ICE CREAM 
KRAFT’S ICE CREAM EMULSIFIER. Kraft Emulsifier for' ice 
cream and frozen confections. The 100% emulsifier that gives 
whipability to ice cream without interfering with efficient freezing. 
It improves texture and makes a dry ice cream. 

EMULSIFIER-STABILIZERS FOR ICE CREAM 
KRAFT EMULSIFIER-STABILIZER. This combination product 
functions as both a stabilizer and an emulsifier and offers the 
advantage of handling only one ingredient. It allows freezing 
the mix immediately after processing and gives better control 
of over-run. 

KRAFT 17 ES. Combining the advantages of both a stabilizer 


and an emulsifier, this ingredient produces a dry ice cream, 
controls over-run and is uniform and economical. 


To obtain free samples for classroom work, ask your Kraft Man or write 
KRAFT FOODS DAIRY SERVICE DIVISION 
CHICAGO « NEW YORK e GARLAND, TEXAS e« SAN FRANCISCO 








New CHORE-BOY 
Roll-O-/leasure 


The Only Practical Means of Determining 
Individual Milk Production Per Cow—with 





The calibrated Chore-Boy Roll-O- 
Measure shows exactly how much milk each 
It enables 


rle 
glass 


cow produces at every milking. 
the operator to spot the poor producers 
and keeps an accurate check on all the 
Bloody milk and milk from fresh 
cows can be withheld from the milkline. 
The milk is not elevated while the cow is 
being milked. The large vacuum reserve 
close to the udder maintains a_ steady 
vacuum. The low-level flow of milk is easy, 
short and fast. 
see when milk flow stops. These advantages 
combined with Chore-Boy’s gentle low-vae- 
uum milking helps eliminate one of the 


cows. 


The operator can easily 


Pipeline Milking and Cleaning-In-Place! 


Note to Breed and D.H.I.A. Officials 


Chore-Boy has incorporated in the new Roll-O-Measure features 
suggested by Breed and D.H.I.A. officials, for greater accuracy 
of measuring and obtaining butterfat samples. We will be pleased 
to loan government or state officials Roll-O-Measure Units, on 
which they may run their own tests, to determine if official approv- 
al of this method for breed and D.H.I.A. testing should be given. 
The company now guarantees laboratory precision and accuracy 
of calibrations within 2% of actual weight. 








major causes of mastitis. The Roll-O-Meas- 
ure sphere is the ideal shape for visibility, 
compactness and cleaning-in-place. There 
are no corners, cracks or erevices. Send 
today for complete information on Chore- 
Boy Milking equipment. 


LOW- VACUUM 


MILKING SYSTEMS 
_——_ —— ® 





CHORE-BOY MANUFACTURING CO., Cambridge City, Ind. 
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pot of Stillwater, Oklahoma, and a graduate 
ot Oklahoma State University, where he will 
also do his graduate work. 

Dr. N. L. Jacosson of lowa State Univer- 
sity represented the American Dairy Science 
Association on the Awards Selection Com- 
mittee. 


Beatrice Foods Organizes Plant in Malaya 


H. H. Tencku Asput RAHMAN, Prime Min- 
ister of the Federation of Malaya, officially 
opened the new Beatrice Foods (Malaya) Ltd., 
dairy plant in Petaling Jaya, Malaya, in offi- 
cial ceremonies on February 7. 

The dairy operation, initially producing 
canned sweetened condensed milk, was organ- 
ized jointly by Beatrice Foods Company, and 
Fraser & Neave, Ltd., of Singapore, a publicly 
owned Malayan firm. It is the first American 
plant to be built in Malaya under that nation’s 
new pioneer economic development program. 
Petaling Jaya is a suburb of the Malayan 
capital, Kuala Lumpur. 

Others taking part in the ceremonies, in 
addition to the Prime Minister, included H. M. 
ByinecTon, Jr., U. S. Ambassador to Malaya; 
Cou. C. M. BeNNert, New Zealand High Com- 
missioner to Malaya; Dato OnG YoKE Lin, 


Malayan Minister of Health; the Imam, Mos- 
lem religious 


advisor to the Prime Minister; 
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Beatrice Foods Plant in Malaya. 


Max Lewis, board chairman of Beatrice Foods 
(Malaya) and a managing director of Fraser 
& Neave; TAN CHIN TuAN, board chairman 
of Fraser & Neave. Also participating were: 
J. F. Haze.tton, executive vice-president of 
Beatrice Foods Co., B. W. Cannon, Western 
regional vice-president of Beatrice Foods Co.; 
A. G. Marcus, former Hawaiian district man- 
ager for Beatrice Foods Co. and now general 
manager for the Beatrice South East Asia 
operations; Dr. G. W. S#HApwick, general 
director of quality control and foreign service 
for Beatrice Foods Co., and K. C. LEONG, gen- 
eral manager of the Beatrice Foods (Malaya) 
plant. 

Construction of the plant began last spring 
and was completed in early November. Spe- 
cial designed machinery valued at $170,000 
was shipped from Chicago to be installed in 
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the plant, after 3 mo. of testing under actual 
operating conditions in the Beatrice Foods 
Co. plant (1526 S. State St.), Chicago. Ken- 
neth Barker, a Beatrice Foods employee for 
3 yr., and experienced in the dairy industry, 
is production manager of the Malayan plant. 

Stainless steel equipment, tiled floors and 
walls, and ultra-modern decor make the plant 
an outstanding addition to Malaya’s young 
industrial community. Surrounded by a mod- 
ern housing development, still under construe- 
tion, the plant is less than a mile from the 
campus of the new University of Malaya. It 
is the first completely air-conditioned plant 
in Malaya. 

The new dairy product, a canned sweetened 
condensed milk, was developed after more 
than 3 yr. of research in Beatrice Foods’ lab- 
oratories. The product, which carries a special 
Beatrice Foods Meadow Gold label, printed 
in English and Malay, was formulated to suit 
conditions in Malaya, which has had to import 
virtually all its dairy products until now. 
The product fulfills all requirements of natural 
milk, need not be refrigerated, and remains 
usable for at least 1 yr. 

One of the most progressive, demoeratie na- 
tions in the Far East, the 11-state Federation 
of Malaya has approximately the same land 
area as the State of Alabama. It has a popu- 
lation of more than 6,000,000. Principal ex- 
ports are rubber, tin, coconuts, oil palms, rice, 
tea, coffee, tapioca, and pineapples. 








Accurate profit-control is the job of Mojonnier Milk 
Testers for standardizing butterfat and total solids 
content. « Mojonnier Testers have been a must for 
profitable dairy operation over 45 years. « Fat Deter- 
mination accurate to .03 of 1%. Total Solids Tests 
accurate to 1/10th of 1%. 


Write for full details today 


MOJONNIER BROS. CO. 
4601 W. OHIO ST.,.CHICAGO 44, ILLINOIS 


4 7 MILK 
/ QUALITY ENGINEERED FOR ECONOMY TESTERS 
STANDARD THROUGHOUT THE WORLD 
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D. L. GrantHam has been elected Eastern 
Regional Vice-President of Beatrice Foods Co. 
He will supervise all dairy operations for 
Beatrice Foods districts 
east from Indiana. He 
also will continue as 
president of Meadow 


Gold Products Corp., 
777 Kent Ave., Brook- 
lyn, N. Y., where he 


will continue to main- 
tain his headquarters, 
and of Louis Sherry Ice 
Cream Co., One Little 
Nassau Street, Brook- 
lyn, N. Y. Both com- 
panies are divisions of 
Beatrice Foods, operat- 
ing in the Greater New 
York and New Jersey Metropolitan areas. 

Grantham attended Eastern Illinois College 
and University of Illinois and is a certified 
publie accountant. He began his career with 
Beatrice Foods in 1934 in the firm’s plant in 
Mattoon, Illinois. After serving first as office 
manager, then as sales manager and assistant 
manager, he was promoted to manager of the 
Mattoon operations in 1951. 





D. L. Grantham 


Beatrice Foods Names New Managers 
F. C. Barr has been named manager of the 
Champaign, Ill., area milk operations of Be- 





WORLD’S BEST ICE CREAM 


You must use the finest dairy ingredients, the 
finest flavors, the finest mix processing and 
freezing equipment, the finest packaging—And 
The Finest Stabilizer—KELCO STABILIZER. 


Dariloid XL® for your white mixes 
Sherbelizer® for your chocolate mixes 


Products of KELCO COMPANY 


75 Terminal Ave., Clark, N. J. 

20 N. Wacker Drive, Chicago 6, Ill. 

530 W. Sixth St., Los Angeles 14, Calif. 
Cable Address: KELCOALGIN—CLARKNEWJERSEY 


OF DAIRY 








SCIENCE 


YOU WILL MAKE 


Better - 
SOUR CREAM 


Better 
CREAMED 


COTTAGE CHEESE 


Better 
BUTTERMILK 


WITH 








@ PUR-TEST will give your Sour Cream 
a better body and a satin-smooth tex- 
ture. 

@ PUR-TEST inhibits syneresis because 
of its efficient moisture-retaining 
properties. 

@ Samples of PUR-TEST Stabilizer and 
directions sent on request. 


Specializers in Stabilizers 


MANUFACTURING COMPANY, 5100 LANCASTER AVE., PHILA. 31, PA. 
Warehouses in Seattie, Portland, San Francisco, 
Houston, St. Louis and Chicago. 

Eastern Canadian Distributor: Kingsway Chocolate 
Co., Ltd., 47 Advance Rd., Toronto 18, Ontario 





atrice Foods Co., and Jerr McCoittum has 
been promoted to manager of the company’s 
plant at Danville, Illinois. 





F. C. Bair J. McCollum 


Bair, manager of the milk plant in Danville 
for 5 yr., joined Beatrice Foods 26 yr. ago as 
a special delivery man for the company in 
Decatur, Illinois, in 1934. Promoted to the 
office, he advanced to assistant plant super- 
intendent in 6 yr. In 1944, he was named 
plant superintendent and assistant manager at 
Decatur. A native of Shelby County, IIl., he 
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was transferred to Danville as manager in 
1955. 

A veteran of 25 yr. of experience with Be- 
atrice Foods, McCollum joined the firm as a 
milk route salesman for the Hoopeston, IIl., 
branch in 1935. He became manager of the 
Hoopeston branch in 1947, and, 10 yr. later, 
was named sales supervisor in charge of all 
branches of the Danville plant. 


Borden Company Acquires a New Subsidiary 


United Dairies, Inc., Rio Piedras, Puerto 
Rico, has been acquired by an unconsolidated 
subsidiary of the Borden Company. The ac- 
quisition involved purchase of United Dairies’ 
stock. The international department of the 
Borden Foods Company, a division of the 
Borden Company, has general supervision over 
Borden’s food and dairy operations overseas. 

The Company’s fluid milk operations in 
Puerto Rico will eventually be combined in 
a modern fluid milk processing and distribut- 
ing plant to be built in the Metropolitan San 
Juan area. A site will soon be selected, with 
the plant scheduled to be in operation by 
July, 1962. 


Rumberger Named Cherry-Burrell Branch 
Manager 


D. L. RUMBERGER has been named Manager 
of the Boston Sales Branch of Cherry-Burrell 
Corporation, effective immediately. 

Rumberger, who was formerly a sales rep- 


PREVENT “SLOW STARTERS” 


Eliminate lost batches, save 
time, speed production. Use 
Numbered Blends and the 
Dairy Laboratories system 
of rotation that supplies high- 
| est quality fresh culture every 
week to keep aroma, body, 
flavor and production uni- 
form in all fermented milk 
products. 


FLAV-O-LAC 
FLAKES 


Write for details in our free Culture Booklet 


THE DAIRY LABORATORIES 
2300 Locust Street 
Philadelphia3, Pennsylvania 


Branches: New York + Washington, D.C. 
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1 Since 1906—thechoice ! 
of quality-minded 
, dairy people — 


MARSCHALL 


The container bearing the Marschall 
stamp is your assurance of dairy 
supplies of the highest quality. 
Specify Marschall Rennet Extract @ 
Rennet Paste and Powder ® Cheese 
Color ® Annatto Food 
Colors ® Cottage 
Cheese Coagulator 
Tablets ® Marlac 
Culture @ Milk- 
testing Equip- 







ment and 
Supplies 
Write for 
descriptive 
Ke pr literature 
MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 
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manenentnteneenandl 


resentative at Cherry-Burrell’s Pittsburgh 
Branch, will replace Brooks JAKEMAN, who 
has been appointed Industrial Sales Manager— 
Eastern Region for Cherry-Burrell. 


Foremost Dairies Announces New 
Appointments 


R. J. Drews has been elected Administrative 
Vice-President of Foremost Dairies, Ine. Be- 
fore joining Foremost, Drews was Vice-Presi- 
dent, Administration, and a Director of Rexall 
Drug and Chemical Company. He was with 
Rexall for 14 yr. and prior to that he was 





W. D. Hudson 


R. J. Drews 
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associated with the United States Steel Cor- 
poration. He is a Certified Public Accountant 
and was associated with Arthur Andersen & 
Co. He is a graduate of St. John’s University. 
Drews will be located at Foremost headquar- 
ters in San Francisco. 

W. D. Hupson was elected Secretary of 
Foremost Dairies, Inc. He will continue as 
head of the Legal Department of the company 
and is widely known in legal circles. Before 
joining Foremost in 1959, he was a member 
of the San Francisco legal firm of Hancock, 
Elkington and Rothert (now Cushing, Cullinan, 
Hancock & Rothert). From 1952 to 1956 he 
served as Deputy Attorney General for the 
State of California and from 1951 to 1960 he 
was part-time assistant Professor of Law at 
Stantord Law Sehool. 


Kelco Company Elects Davison 


R. O. Davison has been elected Vice-Presi- 
dent of the Keleo Company, leading manu- 
facturers of refined algin products for the 
food, paper, drug, brewing, textile, and chem- 
ical industries. 

Mr. Davison, who has been with the Keleo 
Company since 1934, is also prominent in the 
Dairy Industries Supply Association, having 
recently been re-elected 
to a second term as 
president of DISA, 
which he has previously 
served in numerous 
other capacities. 

Mr. Davison will also 
continue as Manager of 
the firm’s Eastern Divi- 
sion, with headquarters 
at 75 Terminal Avenue, 
Clark, New Jersey. 
Other Keleo Company 
offices are located in 
Chicago and Los An- 
geles, with extensive re- 
search facilities in San Diego. 





R. 0. Davison 


“The scope of the use of algin and/or algin 
derivatives continues to widen at such a rate,” 
said Mr. Davison on assuming his new office, 
“that there will soon be no major industry of 
any description that does not in some impor- 
tant way utilize these natural extractives from 
the giant kelp that grows in the coastal waters 
of southern California.” 

In addition to the more widely known ap- 
plications in such fields as foods, pharmaceu- 
ticals, and cosmetics, dyestuffs, confectionery, 
dairy products, and ice cream, Mr. Davison 
pointed out, there is a rapidly expanding area 
of general usage including gel applications, 
emulsions, flocculation aids, vectors for agri- 
cultural chemicals, ete. 

Mr. Davison is a graduate of Cornell Uni- 
versity, class of 1921, where he was an active 
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member of Sigma Phi Society, and prominent 
in intercollegiate track while studying for 
his degree in mechanical engineering. 


Animal Diseases Spreading 


The Couneil on Public Health and Regula- 
tory Veterinary Medicine of the American 
Veterinary Medical Association is greatly con- 
cerned about the spread of animal diseases. 
In a resolution adopted April 25 and released 
on May 5, the Council urged the U. 8S. Depart- 
ment of Agriculture to protect U. 8. livestock 
against exotic diseases by increasing inspec- 
tion personnel at ports of entry of foreign 
animals, and by modernizing inspection and 
qaarantine facilities. 

In its resolution, the Council specifically 
noted: 

The explosive outbreak and spread of African 
horse sickness in the HKastern Mediterranean 
area and Southeast Asia. With a mortality 
rate of about 80% in horses, this disease has 
spread since late 1959 from Africa to eight 
countries of the Near East and southeast Asia, 
causing an estimated loss of 170,000 horses, 
mules, and donkeys. 

The spread of African swine fever to Spain 
and Portugal. This disease is 100% fatal, 
causing losses in Spain estimated in excess 
of 100,000 head, and diminishing the meat 
supply of Europe. 

The appearance of bluetongue in Japan. 
This debilitating disease of sheep was strictly 
an African problem until 1924, when it began 
a rapid and relentless spread through Euro- 
pean countries, the Near East, the United 
States, and now Japan, where great losses 
are occurring. 

The discovery of the African red tick in 
Florida and New York is alarming because it 
is a carrier of exotic diseases. 

The diagnosis of equine piroplasmasis in 
a zebra imported into the United States from 
Afriea. Piroplasmosis, caused by a blood para- 
site, results in anemia. 


Dairy Technology Societies 


Central Illinois—Joseph H. Petersen, Direec- 
tor of Quality Control, Central Division, The 
Borden Company, Chicago, spoke at the April 

2 meeting at the Jefferson Hotel, Peoria, on 
Problems in Large-Seale Production of Cot- 
tage Cheese. 

Ladies’ Night was enjoyed May 10 at the 
Champaign Country Club. The speaker was 
Michael E. Stiles of South Africa, speaking 
on Problems of Concern in South Africa and 
the Congo. 





Central Michigan—May 10 meeting was held 
jointly with the Western Michigan Dairy Tech- 
nology Society. Judging contests on vanilla 
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ice cream and on buttermilk were conducted 
at Anthony Hall on the Michigan State Uni- 
versity campus. J. Hoffman Erb, of The Bor- 
den Company, presided over the judging and 
the clinic of vanilla ice cream. Howard Fer- 
riar, of the Dean Milk Company, did likewise 
for buttermilk and cultured products. Dinner 
was served at the Holiday Inn of Lansing. 


Chicago—Chicago Dairy Technology Society 
is again offering a $2,000 scholarship, for the 
1961 fall semester. The scholarship is paid 
at the rate of $500 per year for each of the 
four years the student is in college. For the 
student to be eligible for this scholarship, his 
parents must live in Illinois, Indiana, Lowa, 
Michigan, or Wisconsin. The student winning 
the scholarship will be permitted to attend 
the college of his choice, as long as the school 
carries an accredited curriculum in dairy in- 
dustry, dairy manufacturing, or dairy tech- 
nology. Applicants will be sereened on the 
basis of scholastic standing, extracurricular 
activities, and general character. Applica- 
tions should be in no later than July 15, 1961. 
For further information write to Dr. M. D. 
Bonner, Krim-Ko Corporation, 4830 S. Chris- 
tiana Avenue, Chicago. 


Detroit—April 10 meeting was held at Cre- 


gars on Grand River. C. E. Hildreth of Vitex 


Laboratories in Newark, New Jersey, discussed 
diet foods and vitamin-mineral fortification 
of foods in the future. 

May 8 meeting was also at Cregars. The 
speaker was James Driver, Jr., of the Owens- 
Illinois Toledo plastic sales division, diseuss- 
ing Recent Developments in Plastic Packaging 
for the Dairy Industry. 


Kansas—May 13 featured the annual Ladies’ 
Night dinner meeting at the Elks Club, Wich- 
ita. Various types of entertainment, dancing, 
card playing, visiting, were enjoyed. 


Kansas City Area—A double-feature pro- 
gram was given at the dinner meeting, April 
27, at Black Angus Restaurant, Kansas City, 
Missouri. Robert T. Marshall, Instructor in 
Dairy Husbandry, University of Missouri, 
Columbia, spoke on Bacterial Growth Inhib- 
itors in Milk and Milk Products; John R. 
Campbell, Instructor in Dairy Husbandry, Uni- 
versity of Missouri, Columbia, on Trends in 
Milk Production on State and National Levels. 


Metropolitan—May 9 meeting was the last 
meeting of this group until fall. Topic of the 
evening: Advances in Ultra-High Tempera- 
ture Pasteurization of Dairy Products, with 
Dr. William Roberts, Head of Dairy Manu- 
facturing, North Carolina State, as speaker. 











Competition is such today that, if you do not 
offer your customers what they want and like, 
they will buy elsewhere. You cannot afford to 
lose that business. To avoid disappointment 
and to insure a successful and profitable pro- 
gram, let us help you with the many selections 
we have to offer. 


2742 GRAND AVENUE 





Meet the World's Best Judges of Ice Cream... 


Your Customers” 


Only your customers will determine whether 
your special ice cream flavor is a good selec- 
tion and seller. Will they come back for more? 
Will they tell others how good it is? They 
alone, your customers, will judge the good- 
ness and quality. Look for your answers in 
your sales analysis report. 


*with due respect to your flavor panel 


In the interest of the ice cream manufacturer 
we have developed the unique RAMSEY PLAN 
FOR MERCHANDISING ICE CREAM which of- 
fers you a guide and a wide selection for a suc- 
cessful and profitable program. Ourcontribution 
includes the presentation of ice cream samples 
for your ready-to-taste appraisal. 


For full particulars write or call 


RAMSEY LABORATORIES, INC. 


CLEVELAND 14,-OHIO 


SWeetbriar 1-2727 
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North Carolina—Topic of the April 12 
monthly meeting was The Dairy Industry— 
Waste Treatment and Stream Pollution. 
Speaker: Jim Stallings, Superintendent of 
Waste Treatment, City Health Department, 
Lexington, North Carolina. Locale: Sedge- 
field Chareoal Steak House. 

For the May 10 meeting George W. Johnson, 
of the firm of Ingram and Johnson, Archi- 
tectural Engineers, Charlotte, spoke on Air 
Conditioning and Ventilation of Dairy Plants. 


Philadelphia—Food Fats: Facts and Fan- 
tasies was discussed by Dr. Merrill S. Reed, 
Director of Nutrition Research, National Dairy 
Council, Chieago, at the April 13 meeting. 

May 11 meeting featured Dr. Frank Kosi- 
kowski, Professor of Dairy Industry, Cornell 
University, speaking on Cultured Dairy Prod- 
ucts. 


Tri-State—April 26 meeting was of interest 
to ice cream and milk plant operators con- 
cerned with practical mechanization. Slides 
were shown and a talk given by Clyde Ziegler, 
Branch Engineer, Cherry-Burrell, Pittsburgh, 
on Throughput, a term associated with auto- 
mation geared for efficiency. 

Western Michigan—May 10 meeting was 
held jointly with the Central Michigan Society 
(see account of this under Central Michigan). 
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°F REPRODUCTION 
ANP ARTIFICIAL 


INSEMINATION 
OF CATTLE 


by G. W. Salisbury and N. L. VanDemark 


This new study of the reproductive processes of 
cattle, particularly in the dairy breeds, emphasizes 
the problems of sterility and fertility as related to 
artificial insemination. It summarizes and reviews 
the great mass of data that has accumulated since 
the practical development of artificial insemination 
in Europe and the United States. The scope and 
thoroughness of this book make it invaluable as a 
text in animal husbandry and as a reference for 
veterinarians, breeders, researchers, and all pro- 
fessions concerned with animal reproduction. 
1961, approximately 700 pages, illustrated, 
$12.50 


REPRODUCTIVE PHYSIOLOGY : 
Comparative Reproductive Physiology of Domestic 
Animals, Laboratory Animals, and Man 

by A. V. Nalbandov 

1958, 271 pages, illustrated, $6.75 


W.H. FREEMAN AND COMPANY 
660 MARKET STREET « SAN FRANCISCO 4, CALIFORNIA 
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FOR TECHNICAL HELP... 


€ In addition to supplying you with high quality 
chocolate flavorings and coatings for your ice 
cream, The Man From Blumenthal will gladly: 

1. Discuss prices and prevailing market conditions. 
2. Arrange for his laboratory to perform special 
services that can only be handled by a lab 
staffed with chocolate technicians and equipped 
with the latest analytical and pilot plant equip- 
ment to produce special types of chocolate 
for ice cream. 

Refer your problems to one of our consultants 
specializing in technical ice cream problems. 

4. Conduct research on new ideas suggested 

by you. 


BLUMENTHAL BROS. CHOCOLATE CoO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 











THE MAGIC TOUCH OF LACTOSE will 


boost per capita consumption of fluid milk products! Research 
at the university and industry level has shown that Edible Lactose, the natural sugar of milk, gives fluid 
milk products a distinct flavor advantage. Result: realistic product improvements that consumers readily 
accept. ..% BUTTERMILK— Laciose returns the ‘‘old fashioned” goodness, tangy aroma and mellow 
smoothness. It tones down acid sharpness without affecting body development. 2% SKIM MILK 
(modified or fortified) —Lactose builds fuller body and a slightly sweeter taste. Chalky, stale and weak, 
uninteresting flavors are avoided. . 4 CHOCOLATE DRINK—Lactose contributes to a richer, more 


chocolaty taste, smoother body and longer stability. For complete details, get in touch with Western, 


world’s largest producer of Lactose—pure milk sugar. Do it today! 


Se 


Western Condensing Company - Appleton, Wisconsin 
Division of Foremost Dairies, Inc. < 
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ANTIBIOTICS IN MILK—A REVIEW! 


J. L. ALBRIGHT, S. L. TUCKEY, anp G. T. WOODS 
Departments of Dairy Science and Food Technology, and the College of Veterinary Medicine, 
University of Lllinois, Urbana 


SUMMARY 


The widespread use of antibiotics has contributed to the control of diseases and the 
nutritional well-being of livestock. However, the use of antibiotics in the treatment of 
mastitis has created problems for the milk processor and consumer. Following treatment 
of mastitis with antibiotics, they may be found in the milk in sufficient concentrations 
to inhibit dairy starter microorganisms and cause economic losses to the cheese and 
fermented milk industries. Penicillin in very small concentrations found in milk may 
cause reactions in highly sensitive individuals. 

Nationwide surveys revealed that penicillin was the primary antibiotic found in 
the central milk supply. Ten surveys covering a 9-yr. period (prior to 1960) in which 
7,201 samples were tested, found 377 (5.2%) to be positive for the presence of anti- 
bioties. The application of testing methods by regulatory and dairy personnel during 
1960 resulted in a significant reduction in antibiotic-adulterated milk. Analyses of 
approximately 770,000 producer milk samples showed an incidence of 0.54%—a tenfold 
decrease. 

When antibiotics are used to treat mastitis, dairymen should follow the prescribed 
recommendations for withholding milk for human use following treatment. Data com- 
piled on intramammary infusions, intramuscular injections, and oral administration of 
antibiotics and their vehicles illustrate that wide variations exist concerning the relative 
persistence of the amount of antibiotics found in milk. The persistence of antibiotics 
in milk differs in milk from cows in early-, mid-, and late-lactation. Some recent studies 
using highly sensitive methods indicate that antibiotics are transferred from treated 
to untreated quarters, but wth penicillin this transfer is slight and of short duration 
and not likely to present a problem. 

When adulterated milk leaves the farm, it is subjected to various processes in the 
milk plant. Antibiotics in milk are relatively stable to pasteurization temperatures and 
above, as well as to low temperatures (0-10° F.). Under refrigeration temperatures up 
to seven days of storage, in raw and pasteurized milk there tends to be a loss in antibiotic 
activity. Large quantities of milk are necessary to dilute milk from treated quarters, 
since cultures may be retarded if the concentration of penicillin is approximately 0.05 
unit/per milliliter or greater. 

Several substances have been found that will inactivate penicillin. The most prom- 
ising, penicillinase, can be used to hydrolyze penicillin in milk and in penicillin allergy 
cases. 

Larger quantities of inoculum and use of resistant cultures are an aid in the pro- 
duction of cheese made from milk that contains antibioties. 

The presence of antibiotics in milk constitutes an adulteration under the Federal 
Food, Drug and Cosmetic Act. Educational and testing programs participated in by 
the Extension Service, veterinarians, dairy inspectors, sanitarians, fieldmen conferences, 
dairy schools, and government agencies have been helpful and cooperative, but the 
primary responsibility continues to rest with dairymen. 





Antibiotics have been universally used by dairymen and veterinarians for 
over a decade in the treatment of infectious diseases of dairy cattle. They are 
administered to dairy cattle via several routes: (1) infusion into the udder 


‘A complete, critical review is beyond the scope of this communication. It is, rather, the 
purpose of this review to bring together the available literature through the transitional 
months of 1960. The literature cited herein has been limited to reports concerned with the 
various phases of the antibiotic problem in milk. Reviews by Overby (134), Marth (115), and 
Marth and Ellickson (116, 117) also present material in these areas of investigation. 
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through the streak canal for the treatment of mastitis, (2) injection (intra- 


muscular and intravenous) for the treatment of numerous diseases, and (3) 
orally for treatment or prevention of diseases or as a dietary supplement. 
Unfortunately, all of these methods if improperly used can contribute antibiotics 
and their residues to the central milk supply. Antibiotics in milk are largely 
the result of improper use of mastitis infusion preparations, or of failure to 
conform to the instructions on packaged preparations, to the effect that milk 
from treated quarters be discarded or used for purposes other than human 
consumption (57, 198 

Milk which contains antibiotics is considered by public health officials to be 
adulterated and a potential health hazard. This is because certain individuals 
are allergic to penicillin (48, 65, 192, 209, 210). Furthermore, the consumers 
of milk and members of the dairy industry also are concerned about the presence 
and the amount of antibiotics found in milk and its products (5, 24, 28, 32, 33, 
39, 40, 56, 62, 81, 85, 96, 99, 101, 105, 198 

Since information is needed by many workers in the dairy field, the follow- 
ing topics will be covered in this review: mode of action of antibiotics; public 
health problems of antibiotics in market milk; occurrence of antibiotics in 
market milk and dairy products; antibiotic levels in milk from treated cows; 
transfer of antibiotics from treated to untreated quarters; and methods for 


neutralizing antibiotics. 


MODE OF ACTION OF ANTIBIOTICS 

In general, the action of all antibiotics issthe same (54). Antibiotics are 
either adsorbed onto or absorbed into the cell, and they inhibit the effective 
growth of the culture in relatively low concentrations. They exhibit some selee- 
tivity or differential toxicity under different conditions of use, to a variety of 
bacterial cells. 

It is suspected that antibiotics work d.rectly or indirectly in many possible 
ways (54): (1) on the cell wall to change its permeability or to cause lysis by 
increasing osmotic fragility; (2) on one or more enzymatic processes affecting 
the metabolism in absorption, respiration, energy utilization, synthesis of genetic, 
structural or metabolic components, detoxication reactions or in maintaining 
the balance between enzymes, metabolites, and products; (3) on the reproductive 
processes or chromosomal integrity (failure to produce daughter cells) ; (4) on 
excretion processes; (5) on sensitivity mechanisms by increasing or decreasing 
them; (6) on integrity of defense systems, and (7) on control of homeostasis in 
any of the other processes considered. 

Goldberg (54) has classified antibiotics as (1) surfactants which reduce sur- 
face tension and produce cytolysis and cause the formation of (2) antimetabo- 
lites, i.e., compounds which prevent the normal functioning of an essential 
metabolite, usually by combining with the enzyme concerned in its disposition. 

Table 1 illustrates the action of penicillin on bacteria. 


PUBLIC HEALTH PROBLEMS OF ANTIBIOTICS IN MARKET MILK 


The presence of antibiotics in milk constitutes an adulteration under the 
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TABLE 1 
Action of penicillin (54) 
Time, minutes 


(stage of Results 
development ) 


0-2 Penicillin (up to 0.1 unit/ml) binds irreversibly (137) to all 

(Reaction) surface penicillin-binding components (PBC) present. Bae- 
terial reproduction ceases. 

2-30 No death or lag in growth oceurs if penicillin is removed. 

( Bacteriostasis ) Amount of penicillin bound is doubled with a concomitant 


loss of internal PBC. Rate of growth is slower after this ex- 
perience. Helvolic acid prevents permanent damage during 
this period. Glutamie acid absorption is, decreased (53). 


30-60 Viable count deereases exponentially Guring this period. Bind- 
(Bactericidal ) ing of penicillin continues at a decreasing rate. Cells abruptly 
cease to accumulate Na’, K*, Mg**, H2PO,v, glutamate, or gross 
dry weight. Uptake of CO** and Fe’ continues. Removal of 
penicillin prevents more cells dying, but the lag in growth 
resumption increases with the duration of penicillin contact. 
Synthesis of cell protein and cell wall material stops. Syn- 
thesis of peptides, phospholipids, and nucleie acids continues. 
60-75 Nueleie acid (123) and peptide synthesis slow down. 
(Degeneration ) 
75 Cells lose solutes and swell, while phosphate incorporation into 
(Death) large molecules decreases. Cells may burst. 


Federal Food, Drug and Cosmetie Act. Their view has been summarized in a 
policy statement issued November 30, 1955, and reported by Durbin (43) as 
follows: 

‘*Direct or indirect addition of antibiotic drugs to foods for human con- 
sumption: (a) The Food and Drug Administration has received inquiries 
concerning the use of antibiotic drugs as food preservatives. Careful consider- 
ation has been given to this question and the conclusion has been reached that 
such use constitutes a public health hazard. Consumption of food, so treated 
may cause sensitization of the consumer to such antibiotics and may result in 
the emergence of strains of pathogenic microorganisms resistant to these drugs. 
(b) The presence of antibiotic drugs in foods intended for human consumption, 
or the direct or indirect addition of such drugs to such foods, may be deemed an 
adulteration within the meaning of Section 402 of the Federal Food, Drug and 
Cosmetic Act. (c) This statement of policy will not bar the establishment of safe 
tolerances for antibiotic drugs in or on raw agricultural commodities under the 
provisions of Section 408 of the Act, where suitable evidence of antibiotic drugs 
and safety of residues is available.’’ 

Public health officials have developed concern along three lines. The first, 
and possibly most important, has to do with the development of sensitivity 
reactions to antibiotics. Of the antibiotics that may occur in milk, penicillin is 
the chief offender in stimulating sensitivity reactions, according to medical 
authorities (54, 97, 98, 195, 202, 203, 209, 210). However, little information is 
available on how daily intakes of small amounts of antibiotics affect the 


population. 








782 J. L. ALBRIGHT, 8S. L. TUCKEY, AND G. T. WOODS 


Welch (198) sent the results of the 1955 Food and Drug Administration 
survey to a number of nationally recognized experts in the field of antibiotic 
therapy, allergy, and pediatrics to obtain their opinions concerning the possible 
public health significance of the quantities of penicillin found in market milk 
at that time. Opinions from 31 authorities were to the effect that these concen- 
trations were unlikely to provoke sensitization in a nonsensitive consumer. 
However, the majority felt that these amounts of antibiotics might cause a 
reaction in a consumer who was very sensitive. The evidence seems to be that 
the broad-spectrum antibiotics are poor sensitizers (198). The major coneern is 
with penicillin (54, 97, 98, 202). 

Since that time, at least nine cases of allergic dermatitis have been reported 
to have been caused by penicillin present in milk (46, 192, 209, 210). However, 
none of the suspected milk samples were analyzed for penicillin and the patients 
involved were chronic urticaria cases. Welch (198) has mentioned plans to use 
highly sensitive human volunteers to determine whether the ingestion of milk 
containing the concentrations of penicillin now found in market milk would 
cause sensitivity reactions. 

Studies of four patients who had previous allergic urticarial reactions from 
the ingestion of dairy products containing penicillin, disclosed that an injection 
of 800,000 units of penicillinase, a penicillin-destroying enzyme, rapidly cleared 
the reaction in 12 to 96 hr., and remained clear for four to seven days. Patients 
were then able to consume dairy products containing penicillin without further 
allergie complications, provided they were given prophylactic injections of 
penicillinase before the ingestion of dairy products (210). 

In September, 1956, a medical panel was called to Washington, D. C., to guide 
the Food and Drug Administration in formulating plans for a program of action 
to be taken with regard to the problem of antibiotics in market milk. The mem- 
bers of the panel agreed that a small portion of the population (estimated to be 
about 10% ) is susceptible to developing sensitivity to penicillin. This sensitivity 
ranges from mildly transient to possibly serious reactions. According to the 
panel, there is no evidence to suggest that those not prone to developing sensi- 
tivity to penicillin (about 90% of the population) will be made sensitive by 
consuming foods containing the antibiotic (198). Kitchen (98) and Weinstein 
(35) estimated that approximately 5% of the unselected population is allergic 
to penicillin, 

In a nationwide survey of 827 general hospitals and 1,637 physicians, 
Welch et al. (203) studied 2,995 cases of severe reaction to administration of 
antibiotics. Over 90% of the reaction cases were caused by injections of peni- 
cillin, with a fatality rate of 9%. No deaths occurred in eases involving 


penicillin administered orally. 

The second matter of public health concern is that certain infectious bacteria 
may develop resistance to antibiotics and become refractive to such treatment. 
For some time, medical authorities have deplored the frequent use of antibiotics 
for trivial ailments (35, 37, 43, 113). Antibiotics kill large numbers of infectious 


organisms, but in so doing resistant variants that may not be killed are permitted 
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to flourish into bacterial populations that are difficult to treat. Some have 
suggested that unintentional consumption of small amounts of antibiotics in 
foods might result in the development of resistant microorganisms (37, 48, 113). 

A third public health aspect of this problem is the possibility that dairy foods 
made from milk containing antibiotics may sometimes contain antibiotic-resistant 
strains of infectious bacteria (33, 37, 195). The findings of Thatcher and Simon 
(183) have been mentioned in support of this concept. These workers examined 
100 samples of cheese obtained from the Canadian retail market and found that 
15% of the strains of Staphylococcus aureus and 67% of the strains of Strepto- 
coccus isolated were resistant to penicillin. These resistant strains were 
probably in the milk at the time the cheese was made, because it is unlikely that 
the cheese could have been made from milk containing enough penicillin to 
develop populations of resistant bacteria. The micrococeci and streptococci that 
generally cause mastitis are destroyed by pasteurization techniques. Apparently, 
much of the cheese that Thatcher and Simon examined was made from raw milk. 

Staphylococcal food poisoning has been found in such dairy products as raw 
milk, dried milk, and cheese (37). It is also known that bovine mastitis caused 
by staphylococci is common, Furthermore, the indiscriminate use of some anti- 
biotics in the treatment of mastitis has favored the development of strains of 
staphylococci that are resistant to antibiotics (37, 113). Therefore, there is a 
need to investigate more thoroughly many aspects of the problem of staphylococci 
infections in man and animals. More intensive studies of outbreaks should be 
made when milk or dairy products appear to be vehicles of infection. 

Deliberate addition of antibiotics to milk is of infrequent occurrence and 
the offenders are either ignorant of the consequences or unscrupulous. When 
antibiotics are used to treat mastitis, dairymen should know how long the milk 
must be discarded following treatment. The American Dairy Science Association 
passed a resolution in 1951 that no milk obtained from a mastitis-treated quarter 
within 72 hr. (six milkings) after the last treatment with this product is to be 
marketed. 

When multiple treatments are used in severe cases of generalized infection 
and/or cases of mastitis, the 72-hr. period for removal of the milk from the 
marketable supply may not be sufficient. 

The Food and Drug Administration has initiated a three-phase educational 
program in an attempt to eliminate antibiotics (principally penicillin) from 
the milk supply (57) : 

1. Education of the dairy farmer—The Cooperative Extension Service 
(USDA) has an intensive educational program to emphasize the importance of 
good sanitary and managerial practices. Other educational programs partici- 
pated in by veterinarians, dairy inspectors and sanitarians, fieldmen conferences, 
dairy schools, and government agencies can be helpful and cooperative, but the 
primary responsibility rests with dairymen. 

2. Issuance of a warning statement—Since July, 1957, a statement warning 
dairymen to discard milk for 72 hr. after the last treatment has been required 
to appear on the label of each container of mastitis infusion material sold. On 





784 J. L. ALBRIGHT, 8S. L. TUCKEY, AND G. T. WOODS 


April 12, 1960, it was proposed to amend the labeling requirements to bear either 
of the following statements: ‘‘ Warning: Not for use in dairy animals since this 
will result in contamination of the milk with the antibiotic.’’ or *‘ Warning: 
Milk taken from treated dairy animals within hours after the latest 
injection must not be used for human consumption.’’ The blank would be filled 
in with a figure not greater than 96, based upon data to prove that the milk from 
treated animals contains no antibiotic residues (49). 

3. Reduction in concentration of penicillin in mastitis preparations—Prior 
to August, 1957, some preparations contained up to 1,500,000 units of penicillin 
per dose. Since that date, the maximum permissible quantity of penicillin per 
dose is 100,000 units. The smaller quantity of penicillin leaves the udder more 
quickly and still performs adequate treatment (57). This does not eliminate 
the possibility of multiple dosages for treatment. 


ANTIBIOTICS IN MARKET MILK AND DAIRY PRODUCTS 


During the years 1954, 1955, 1956, and 1959, four U. S. surveys were made 
by the Food and Drug Administration to determine the degree of antibiotic 
contamination of milk (65, 199, 200). Complete breakdown by individual states 
was reported in the 1955 and 1956 surveys. Kosikowski (102) recently compiled 
information on the national incidence of antibiotic residues in milk from 
January 1 to October 15, 1960—a period of testing and surveillance by dairy 
and regulatory officials. 

Market milk. A summary of the nationa] and local surveys of antibiotic 
adulteration in the milk supply prior to and after 1960 is presented in Table 2. 
These surveys cover a ten-year period during which 768,468 samples were tested 
for the presence of antibiotics. In most cases, penicillin was the primary anti- 
biotic found. 

A survey in Pennsylvania published in 1959 revealed that 77% of the dairy 
farmers were not discarding treated milk for a 72-hr. period (57). The State of 
Pennsylvania now has a law requiring the testing of all producers’ milk once a 
month for antibiotic residues (24). 

The reduction of antibiotic incidence in milk in a large New York State fluid 
milk and cream dairy firm was accomplished by the application of a steady 
field test program during 1960. Approximately 10,000 milk samples were tested 
from 4,000 farms over a 4-mo. period (November, 1959—April, 1960). The 
presence of antibiotics in milk from producer can farms declined from 6.5% to 
0.45-0.52% during this period. On producer bulk tank farms the rate of incidence 
dropped from 5.1% to between 0 and 0.5%. After the constructive testing 
program was in effect 2 mo., only one milk tanker from 211 tested was positive, 
while milk from 203 large milk tankers was negative to antibiotics during this 
same period (101). 

The presence of antibiotics in milk has been reported in Canada (85). Starter 
cultures were inhibited in milk from 7.3% of 344 herds sampled in the spring 
of 1952 and 5.4% of 298 herds expressed similar degrees of inhibition in the 
summer of the same year. 
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TABLE 2 
A. Surveys of antibiotics in U. S. market milk supplies (prior to 1960) 


Yo Posi- 
Av. tive Type of 
No. No. Range cone. for antibi- 
samples posi- (units (units/ antibi- otic Refer- 
Year Location tested tive ml) ml) otics found ences 
1951 36 Counties in 
New York State 1,794 107* =0.05-0.5 : 6.0 Penicillin (105) 
1951 4 Commercial plants 
in Champaign-Urbana, 
Illinois 892 l , 0.15 0.1 Penicillin (144° 
1954 30 Dairy plants in 
+ Wisconsin counties 460 20 . : 4.3° : (130 
1954" 7 Of the Food and 
Drug districts 94 3 0.01—0.08 0.036 3.2 Penicillin * (199) 
1955" All 16 Food and 
Drug districts * 474 55 0.003-0.08 0.015 11.6 Penicillin * (200 
1956" 48 States and Dis- 
triet of Columbia 1,706 101 0.003-0.55 0.032 5.9 Penicillin" (200 
1956 7 Commercial plants 
in Columbus, Ohio 151 2 ” . 1.3 Penicillin (168 
1958 14 Dealers in Amherst, 
Massachusetts 122 25 0.021-0.155 0.047 20.5 Penicillin (171 
1959" All 16 Food and Drug 
districts 1,170 43 - ° 3:7 Penicillin (65 
1959 New York producer 
dairies 
A. Cans Nov. 4-Jan.1 200 13 : 0.05 6.5 i (101 
B. Bulk Tanks 
Nov. 4-Jan. 1 138 7 0.05 §.1 m (101 
Total 7,201 377 5.2 
B. National incidence of antibiotic residues in producer milks (Januaryl1—October 15, 1960) 
(102) 
1960 17 Dairies 
throughout the 
United States 655,763 3,640 si . 0.56 ; (101) 
1960 28 State health 
and departments 
of Agriculture 
throughout the 
United States 112,705 493 “s . 0.44 ; (101 


Total 768,468 4,133 0.54 


“98/107 samples in April-May and 9/107 occurring during July-August were positive. 

» Unreported value. 

©‘ Four and three-tenths per cent of all milks tested contained substances which sig- 
nificantly reduced the activity of starter cultures. When the starter-inhibitory samples were 
divided on the basis of type of milk plant to which they were delivered, (1) 5.5% of the milk 
delivered to cheese factories, (2) 3.9% of the milk delivered to fluid milk plants, and (3) 
1.3% of the milk delivered to condenseries contained inhibitory substances. 

4 Food and Drug Administration Survey. 

* Atlanta, Baltimore, Boston, Buffalo, Chicago, Cincinnati, Denver, Kansas City, Los 
Angeles, Minneapolis, New Orleans, New York, Philadelphia, San Francisco, Seattle, and 
St. Louis. 

‘ One sample contained, bacitracin. 

*One sample contained one of the tetracyclines. 

"One per cent of all samples tested contained streptomycin, tetracycline, bacitracin, or 
combinations. 
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Milk products. Dairy manufacturing plants which are more directly affected 
than others by the presence of antibiotics in milk are those that produce 
fermented milk products. Examples of these products are cultured buttermilk, 
acidophilus milk, Bulgarian milk, sour cream, Cottage Cheese, and all other 
cheese varieties depending on lactate fermentation. All bacterial organisms 
which are involved in the production of fermented milk products show varying 
degrees of inhibition of growth in the presence of the different antibiotics (104) 
(Table 3). 

Milk used for starter cultures. Active starter cultures are the key to 
successful manufacture of fermented dairy products. Suitable or active cultures 
can not be maintained if they are inoculated into milk which contains traces of 
antibiotic residues. Such contaminated milk constitutes a great economic hazard 
to the dairy plant operator all out of proportion to the amount of milk a single 
producer would be required to withhold when following withholding recom- 
mendations. Hunter (80, 81) has demonstrated that certain sensitive strains of 
Streptococcus cremoris when used as single-strain starter cultures were com- 
pletely inhibited by 0.07 unit penicillin/ml milk. Streptococcus lactis cultures 
were not as sensitive to penicillin, for 0.1 to 0.25 unit were required to give the 
same inhibition. 

Streptococcus thermophilus, one organism used in Swiss Cheese starters, is 
very sensitive to the presence of antibiotics. Neal and Calbert (129, 131) selected 
this as a test organism in the TTC test for antibiotics which can detect 0.04 
unit of antibiotics. 

Starter cultures appear to be more sensitive to the action of penicillin than 
other antibiotics, since Bradfield et al. (23) demonstrated that mixed lactic 
starter cultures were not inhibited until 0.25 unit aureomycin/ml milk was 
present. 

Kosikowski and Moequot (104) have compiled information of the relative 


sensitivity of cheese starter bacteria to penicillin: 


TABLE 3 


Critical penicillin levels in milk for bacteria (104) 


Penicillin 
concentrations 
significantly 
inhibiting 
Bacteria growth 





(I. U. per ml.) 
0.05-—0.10 
0.10—0.30 

0.10 
0.01-—0.05 

0.30 
0.30-—0.60 
0.30—0.60 
0.30-0.60 
0.25-0.50 
0.25-—0.50 


Streptococcus cremoris 
Streptococcus lactis 
Streptococci starter 
Streptococcus thermophilus 
Streptococcus faecalis 
Lactobacillus bulgaricus 
Lactobacillus acidophilus 
Lactobacillus casei 
Lactobacillus lactis 


Lactobacillus helveticus 
Lactobacillus citrovorum 0.05-0.10 
Propionibacterium shermanii 0.05-0.10 
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Milk for cheese. Cheese manufacture is dependent on the rate of acid 
development as well as the total amount produced. If either rate or total 
quantity of acid is reduced from the optimum, the quality of cheese suffers. 
Hunter (81) demonstrated that Cheddar cheese made from milk containing 
0.1-0.15 unit penicillin/ml milk was criticized as having a fermented flavor and 
a weak, pasty body after 3 mo. of aging. Bradfield (22) found that when only 
0.25-0.31% acidity developed in 7 hr. due to the presence of antibiotics, the 
cheese did not develop a normal flavor, and the body was weak and pasty. 
Jacquet (83) reported that when Camembert cheese was made from milk con- 
taining 0.5-1.0 unit penicillin/ml milk the cheese was gassy. 

Harper studied the phenomena related to noncoagulation of casein in Cottage 
cheese manufacture when the acidity was at or below the isoelectric point of 
casein. He showed that when small concentrations of tetracycline-type anti- 
biotics were present in milk there occurred an interaction between casein, the 
antibiotic, and caleium which prevented clotting of the casein (63). 

Milk for other manufactured dairy products. Milk which contains antibiotic 
residues will contaminate other dairy products, if it is used in their manufacture. 
If the milk is dried, evaporated, or made into ice cream, the antibiotic is concen- 
trated in these products. Although no manufacturing problems result from the 
presence of antibiotics in the above-mentioned products, a consumption or use 
problem is apparent. On the other hand, the Food and Drug Administration 
was unable to demonstrate antibiotics in evaporated milk, ice cream, powdered 
milk, and butter samples tested in 1954 (199). 

According to Marth and Ellickson (116), Hagen and Ellickson analyzed 
samples of dried skimmilk and whey for the presence of penicillin. They found 
from 0.05 to 0.1 unit penicillin/ml of milk in those samples of whey which 
contained antibiotics. Penicillin-positive samples of dried skimmilk contained 
between 0.5 and 2.5 units penicillin per gram of product. 

Hansen et al. (58) showed that sufficient antibiotic residue would be carried 
into the cream to prevent normal acid development for ripened butter, if the 
cream was separated from milk containing antibiotics. These workers did not 
determine whether any antibiotic residue remained in the butter. 

Rusoff and co-workers (148) studied the distribution of chlortetracyecline in 
milk and found it to be concentrated in the skimmilk fraction. 


ANTIBIOTIC LEVELS IN MILK FROM TREATED COWS 

Antibiotics are generally administered to mastitis-infected animals via a 
solution or suspension manually infused into the infected quarter(s) of the 
udder. Penicillin was the first of a series of antibiotic preparations employed 
in mastitis therapy throughout the world (12, 15, 26, 41, 51, 68, 70, 76, 79, 82, 84, 
90, 91, 93, 106, 108, 124, 125, 126, 128, 132, 189, 140, 149, 151, 176, 180, 185, 189, 
190, 193, 197). 

Large amounts of antibiotics are used in the treatment of cows with mastitis. 
It has been estimated that 75 tons of these drugs are used yearly in the treatment 
of this widespread infection (200). Approximately 35 companies prepare 
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products for intramammary treatment that are distributed or sold under 1,500 
different labels (24). One pharmaceutical company estimated in 1957 that the 
dairy industry spends 15 to 20 million dollars a year for these preparations and 
that at least 80% of their business is in the form of direct sales to farmers 
(24). Antibiotics are valuable in treating mastitis when properly used; how- 
ever, there is no indication that the incidence of this disease has been decreased 
through their promiscuous sale and use (24). 

Penicillin is used in the greatest volume, since this drug is effective in ihe 
control of streptococci and micrococci, the organisms responsible for most cases 
of mastitis (27, 41, 68, 124, 139, 180, 185). 

Although the use of penicillin injections is still the most popular therapy, 
other antibiotics have been suggested and used either singly or in combination 
in the treatment of mastitis. Streptomycin (78, 133, 148, 162, 179), chlortetra- 
eyeline (16, 23, 92, 121, 148, 148), oxytetracyeline (13, 14, 148, 154, 174 
bacitracin (17, 133), neomycin (10, 44, 64, 188), polymyxin (64), subtilin (153 
chloromyeetin (153), and chloramphenicol (133) are now in general use. 

According to Marth and Ellickson (116), the quantity of antibiotie used for 
an individual udder infusion varies according to (1) the type of antibiotie used, 
(2) the severity of the infection, (3) the frequency with which the antibiotic is 
to be administered during the course of treatment, and (4) the judgment of the 
person administering the therapeutic dosage. 

Foremilk, mid-milk, and strippings contain different concentrations of anti- 
bioties. Therefore, some of the variation in antibiotic concentrations observed 
might be due to the portion of the milk assayed (24). 

The portion of infused antibiotic which is not absorbed by udder tissues is 
voided in the milk and the quantity varies from cow to cow. Hovmand ef al. 
(74) treated 75 cows by intramammary infusion with 100,000 units penicillin 
in 25 herds in a dairy district in Denmark. The penicillin excretion of the first 
milking following treatment was 37.4% of the quantity that was administered. 
In another dairy district, 100 cows in 23 herds were treated with a similar dosage 
level and 21.4% of the administered penicillin was found in the first milking 
following treatment. Wide variations existed between cows within and between 
herds and districts. For example, with two cows in this study one excreted 2.7% 
and the other excreted 84% of the amount of antibiotic infused into the udder. 
Hargrove et al. (61) found that 26 to 49% of infused penicillin and 39 to 58% 
of infused streptomycin was excreted via the milk after treatment. The number 
of animals treated was not cited. 

When S*-labeled penicillin was administered either as an oil or aqueous 
solution into mastitic udders, the accessibility of the tissues to the drug in both 
earriers depended primarily upon clear passage in the milk duets, with diffusion 
through the tissues being of minor importance. Labeled penicillin in either 
carrier was usually unevenly distributed, with some regions showing little or no 


penicillin (189). Similar results were obtained in goats using labeled S*® 


penicillin in oil or aqueous carriers (190). A fairly uniform distribution was 
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obtained with both carriers when examined 1 and 8 hr. post-injection. Penicillin 
in oil was concentrated more in the dorsal portions of the udders and was found 
in the milk ducts rather than in the parenchyma to a somewhat greater degree 
than was the case for penicillin in aqueous solution (189). These workers 
postulated that unsuccessful penicillin treatment of mastitis often results from 
failure of the drug to reach the diseased areas. 

The use of emulsified bases are preferred to ointments or oil vehicles for 
penetration of antibacterial substances into the udder (50, 75, 160, 194). The 
addition of small quantities of surface-active agents such as iodochlorol (75) to 
the infusions enhances spreading and penetration of the vehicle. 

Udder infusion. Antibiotic concentration in milk from treated cows is sum- 
marized and presented in Table 4. It should be noted that wide variations in 
regard to levels of antibiotics, number of treatments, and length of time from 
previous treatments exist in these data. Also, some of the investigators tested 
for antibiotics at lower concentrations than others and, as a result, greater 
persistence was due in some instances to sensitivity of the test rather than to any 
difference in the products. 

Studies by the Food and Drug Administration in 1953 showed that after the 
intramammary infusion of one udder quarter with 100,000 units penicillin, the 
penicillin level for the first and second milking was 8.15 units/ml, for the fifth 
and sixth milkings 0.042 unit/ml, and no detectable amount on subsequent 
milkings. The recommendation that milk be discarded for three days following 
treatment came from this study (5). 

Research work reviewed by Plastridge (139) following intramammary 
infusion of quarters of lactating cows with 100,000 units penicillin in an oily 
base after 12, 24, 48, and 72 hr. post-infusion were found to vary from 3 to 156, 
1 to 25, 0.0 to 3, and 0.0 to 1 units of penicillin per milliliter of milk, respectively. 

The highest levels of antibiotics are found in the exereted milk, as one might 
expect, during the first 24 hr. post-treatment. Also, the use of higher concentra- 
tions of antitbiotics results in their presence in the milk for longer periods of 
time. Jackson and Bryan (82) reported that the amount of milk produced by 
the cow influences the amount of penicillin found in the milk following treat- 
ment. The highest penicillin levels were attained near the middle or end of the 
lactation period. During the middle of the lactation period, when 300,000 units 
of procaine penicillin G in oil were injected into the quarter, milk levels of 0.5 
unit or more resulted for 144 hr. and at 216 hr. 0.06 unit of penicillin/ml of 
milk was still present. In cows during their full flow of milk, using the above 
dosage level, they exhibited levels of 0.06 unit of penicillin/ml of milk at 72 hr. 
post-treatment. 

The length of time penicillin remains in the udder is directly influenced by 
its carrier. When 100,000 units of penicillin were incorporated into a combi- 
nation of mineral oil, lanolin derivatives, water, propylene glycol, and nonionic 
wetting agents, 0.014 to 4 units were present per milliliter 72 hr. post-treatment 
(51). When cows were treated with propylene glycol, a nonionic wetting agent, 
and 100,000 units penicillin, the concentration of antibiotics was zero after a 








790 J. L. ALBRIGHT, 8. L. TUCKEY, AND G. T. WOODS 


TABLE 4 
Penicillin in milk from treated cows via intramammary infusion 


Time (hr.) 


Treatment from last Units/ml 

units/infusion * treatment milk References 
100,000" 72 0.62 (45) 
100,000° 72 0.54 (45) 
100,000 72 0.91 (68 ) 
100,000 72 0.08 (79) 
100,000° 72 0.65 (173) 
100,000° 60 0.00 (82) 
100,000° 72 0.06 (82) 
100,000* 96 0.06 (82) 
100,000" 72 0.03 (82) 
100,000' 120 0.03 (82) 
200,000" 72 0.03 (82) 
200,000' 144 0.03 (82) 
200,000° 96 0.06 (82) 
300,000" 72 0.06 (82) 
300,000° 120 0.06 (82) 
300,000' 216 0.06 (82) 
400,000‘ 60 0.06 (82 
500,000 96 0.29 (1438 

1,000,000? 89 (38 


*Indieates procaine penicillin G in oil unless otherwise indicated. 

"Ca penicillin in 5% wax-oil. 

Proeaine penicillin G in 3% Al-monostearate. 

“Liquid paraffin suspension with Al-monostearate. 

“Start of lactation period. Proeaine penicillin G in aqueous solution in 10 ml. H.O. 

‘ Middle of lactation period. Proeaine penicillin G in aqueous solution in 10 ml. H20O. 

*End of lactation period. Proecaine penicillin G in aqueous solution in 10 ml. H,O. 

"Start of lactation period. Proeaine penicillin G in oil with 2% Al-monostearate. 

Middle of lactation period. Procaine penicillin G in oil with 2% Al-monostearate. 

’No tests were conducted after 89 hr. TTC sensitivity test was used (129, 131). 

‘Marth and Ellickson (116) have summarized published data concerning penicillin in 
milk with emphasis on treatment levels of < 100,000 units penicillin. Further, they have 
tabulated published information on streptomycin and chlortetracyeline residues following 
treatment (116 

*Brown (24) has compiled published information on the effeet of vehicle and dosage 
level on the persistence of penicillin in milk after one udder infusion. 


lapse of 48 hr. (51). Water plus 100,000 units penicillin infused into the mam- 
mary gland showed no detectable quantities of penicillin 24 hr. post-treatment 
(51). Hughes et al. (79) reported that procaine penicillin infused into the udder 
persisted 12 hr. longer than did caleium penicillin. These workers compared 
procaine penicillin and calcium penicillin (100,000 units per quarter with two 
injections at 72-hr. intervals) and secured no advantage in favor of either salt 
against S. agalactiae infections. Both salts in the trials produced over 90% 
bacterological cures. 

Streptomycin has been reported in milk for as long as 72 hr. following treat- 
ment (133). Chlortetracycline persists in milk of treated cows for as long as 
5 wk. (143), with considerable variation existing between cows in the amount of 
this antibiotic excreted. When oxytetracycline is used in the treatment of bovine 
mastitis, the persistence of the drug was increased to 54 hr. when three infusions 
of 800 mg. were administered at 24-hr. intervals (143). Randall et al. (148), 
using 852 mg. oxytetracycline found 1.01 units/ml of milk 96 hr. post-treatment 


and the milk was free of oxytetracycline by five days post-treatment. 
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It appears that when moderate to high dosages of antibiotics are administered 
in the form of one or more tubes per treatment, detectable amounts still oceur 
72 hr. after treatment. 

Intramuscular injections. Data in Table 5 summarize research work in the 
area Of intramuscular injection of penicillin. 

Brown (24) recently tabulated published data on the persistence of anti- 
bioties in milk following one intramuscular injection of antibiotics when 
different salts, vehicles, and dosages were used. 

Sadek (149) reported that when penicillin was administered either sub- 
cutaneously or intramuscularly to a cow at the rate of 5,000 units per pound of 
body weight, penicillin was found in the milk at the level of 0.046 unit/ml for 
24 hr. Prouty (142) found that penicillin in milk from animals treated intra- 
muscularly with procaine penicillin G in oil (5,000 units/lb) varied in concen- 
tration up to 96 hr. with 0.01 unit/ml penicillin present at that time. When 
cows were injected intramuscularly with penicillin aqueous solution there was a 
‘apid build-up of penicillin in the milk to 0.135 unit/ml 12 hr. post-treatment. 
By 96 hr. there was less than 0.01 unit/ml of penicillin in the milk (142). 

In intramuscular (1.M.) injections of benzathine penicillin V, in a field trial 
with 27 infected cows, S. agalactiae were eliminated in 12 (44%) ; in three of 
nine cows (33%) given a single I.M. dose of 6,000,000 units; in five of nine 
cows (56%) given two I.M. 3,000,000 units doses at 24-hr. intervals, and four of 
nine cows (44%) treated with 12,000,000 units, given I.M. in three doses of 
6,000,000, 3,000,000, and 3,000,000 units at 24-hr. intervals. This organism was 
eliminated in seven of nine infected cows (77%) treated by udder infusion with 
1,000,000 units procaine penicillin G daily for four days (38). 

Hollister et al. (71) compared normal udders with those that were infected 
with mastitis. They found that fibrotic quarters produced milk with concentra- 
tions of penicillin as high or higher than nonfibrotic quarters. The udder 
secretions of dry cows after intramuscular injections with 3,000,000 units of 
benzathine penicillin V showed no penicillin. Findings following the adminis- 
tration of single and multiple intramuscular doses of benzathine penicillin V to 
49 cows in seven groups showing udder fibrosis or clinical manifestations of 
mastitis were reported (71). These workers postulated that ensuing penicillactia 
results from active participation of the mammary gland, rather than from a mere 
threshold mechanism of blood circulatory spill. They found penicillin concen- 
tration to be low throughout the post-treatment period in all groups, with 
detectable anounts persisting for 144 hr. (<0.01 unit/ml of milk). Benzathine 
penicillin V was certified by the F.D.A. as reported in the Federal Register (48) 
with a warning that the milk should not be used for human consumption until 
seven days post-treatment. This procedure illustrates a point that when accuracy 
in antibiotic methodology is employed, the product is placed under closer 
serutiny. 

According to Prouty (142), in a communication from Huebner, ‘‘ Marketing 
considerations have resulted in our management’s decision to delay production 
of this compound (benzathine penicillin V) and, thus, at the present time no 
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TABLE 5 


Antibiotics in milk from treated cows via intramuscular injection 


“ime (hr.) 


Treatment from last Units/ml 
units/injection * treatment milk References 
2,000/lb body weight 48 0.000 (207) 
2,000/lb body weight” 72 0.000 (207) 
2,000/lb body weight* 72 0.006 (207) 
3,000/lb body weight 72 0.000 (20) 
3,000/lb body weight” 60 0.000 (20) 


5,000/lb body weight 
initially and 2,500/lb 


at 6-hr. intervals—3X‘° 30 0.080 203) 
5,000/lb body weight 72 0.006 (207) 
5,000/lb body weight” 72 0.023 (207) 
5,000/lb body weight 24 0.046 (149) 
5,000/lb body weight* 96 0.010 (142) 
5,000/lb body weight* 96 0.010 (142) 
5,000/lb body weight 72 0.005 (143) 
5,000/lb body weight* 72 0.010 (143) 
5,000/lb body weight 72 0.003 (207) 
6,000/1b body weight 72 0.010 (20) 
6,000/1b body weight? 60 0.000 (20) 
10,000/lb body weight 72 0.053 (207) 
10,000/1b body weight” 72 0.009 (207) 
10,000/lb body weight* 72 0.023 (207) 

1,000,000/cow 6 " 0.000 (197) 
3,000,000/cow (mastitis) ° 72 0.002 (71) 
3,000,000/cow (normal)* 72 0.009 (71) 
3,000,000/cow-3 X-24-hr. 
intervals (mastitis)° 72 0.018 (71) 
3,000,000 /cow-3 X-24-hr. 
intervals (normal)° 72 0.055 (71) 
3,000,000/cow-3 X-24-hr. 
intervals (normal)° 72 0.030 (71) 
3,000,000 /cow* 72 0.000 (70) 
3,000,000/cow* 72 0.000 (70) 
3,000,000/cow” 48 0.000 (70) 
4,000,000/cow* 72 0.000 (69) 
6,000,000/cow* 72 0.015 (71) 
6,000,000/cow® 72 0.027 (71) 
6,000,000/eow or 12 0.000 (135) 
5,000/lb body weight 12 0.000 (2) 
10,000,000/cow" 48 0.025 (187) 








*Procaine penicillin G in oil unless otherwise indicated. 
»Procaine penicillin G (aqueous suspension). 

° Two different treatments administered 3x. 

* Proeaine penicillin G in oil with aluminum monostearate. 
* Benzathine penicillin V. 

* Benzathine penicillin G (aqueous suspension). 

* Benzathine penicillin V (aqueous suspension). 

® Dibenzylamine penicillin G (aqueous suspension). 
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supply of this antibiotic is available for investigational purposes; and no further 
action is planned for the immediate future.”’ 

Oral administration. Henderson et al. (66) found antibiotics present in 
detectable amounts (without giving exact figures) in the blood and milk of the 
cows which had been fed either 0.5 or 1.0 mg. per pound of body weight level of 
chlortetracycline. These workers indicated that feeding 0.1 mg. of chlortetra- 
eycline per pound of body weight per cow per day did not produce measurable 
amounts of antibiotics either in the milk or in the blood. This is the dosage 
permitted for commercial use by the Food and Drug Administration. 

Chlortetracycline, at the rate of 130 mg/day, was fed for 60 days to five 
lactating Holstein cows. The milk samples produced normal acid curd, signify- 
ing that the antibiotic was not secreted into the milk or, if present, was of such 
low concentration that it did not cause any damage in the production of cheese 
culture (147). 

Loosli and Warner (112) reported no antibiotics in the milk when 700 mg. 
of chlortetracycline was fed daily for ten days. This is slightly more than 0.5 mg. 
per pound of body weight. Their assay method was not described, and its 
sensitivity was not indicated. Martin et al. (119) indicated that 0.32 mg. per 
pounds of body weight did not show measurable amounts of chlortetracycline in 
the milk. 

When Shor et al. (170) repeated the work of Henderson et al. (66), the cows 
receiving 0.1 mg. per pound of body weight were negative for the presence of the 
antibiotic in their milk. Slight amounts of chlortetracycline were found in the 
milk of cows on higher feeding levels (0.5 and 1.0 mg. per pound of body 
weight), and these slight amounts were eliminated from the milk from all cows 
by 48 hr. after the feeding of the antibiotic was discontinued. 

Sixty Holstein and Jersey cows were involved in reversal trials by Ross et al. 
(146), to determine the effects of feeding 0.1 mg. chlortetracycline per pound 
of body weight per day for 16 wk. Analyses for chlortetracycline in the milk 
were negative. 

Seventeen feeding trials using oxytetracycline were conducted with 2,370 
lactating cows in six states. Cows were paired as to freshening dates and milk 
production, with one cow as a control and the other receiving 75 to 110 mg. 
oxytetracycline per day. Average duration of the trials was 186 days. At the 
level fed, the antibiotic did not appear in the milk when assays were made, nor 
were the cheesemaking properties affected (114). 

Since penicillin salt has been advertised as a safeguard against bloat in cattle, 
Skaggs and Miller (175) fed two lactating cows procaine penicillin in salt 
sprinkled over their concentrate feed. No penicillin was found in the milk when 
the cows received 88.9 mg. (86,700 units) penicillin daily. When the feeding 
level was increased to 177.8 mg. (178,400 units) daily, approximately 0.05 unit 
penicillin/ml was found in the milk. A feeding level of 277.8 mg. (270,500 
units) daily increased the level in the milk to 0.10-0.15 unit/ml. Blood samples 
from these cows showed approximately the same level of penicillin content as 
did the milk samples. 
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Penicillin was not detected in the milk of two cows following the oral 
administration of penicillin by Williams and Harold (207). Milk samples were 
tested twice daily, while penicillin was administered at a level of 1,000,000 units 
daily for ten days, and 2,500,000 units twice daily for five days. These negative 
results are not in agreement with the findings of Skaggs and Miller (175). 

When penicillin was fed (200 mg/day/cow) as a bloat preventative, no 
detrimental effects on appetite or milk production were observed, nor did 
penicillin appear in the milk in measurable quantities (77). Apparently, rapid 
destruction of antibiotics in the rumen takes place within 3 hr. after feeding 
(77). This may partially explain why penicillin feeding is effective in the control 
of bloat at first and then becomes ineffective later. 

TRANSFER OF ANTIBIOTICS FROM TREATED TO UNTREATED QUARTERS 

Questions have arisen concerning the possible presenee or absence of anti- 
biotics in the nontreated quarters following intramammary treatment of 
mastitis. 

Randall et al. (148) reported that milk from the untreated quarters of two 
cows showed the presence of chlortetracycline (aureomycin) and oxytetracycline 
(terramycin) following dosages of 426 and 852 mg. of each agent. Chlortetra- 
cycline persisted in the milk of the treated quarters for as long as 5 wk. and of 
the untreated quarters for a period of five days following treatment with the 
larger dosage levels. Following intramammary infusion of oxytetracyline 
ointment into two cows, the antibiotic could be detected in the milk from treated 
quarters for three to four days and from the untreated quarters for one day. 
When an ointment containing penicillin, dihydrostreptomycin, and _ sulfona- 
mides was infused into one cow, penicillin could be found in the milk for three 
days, but dihydrostreptomycin and sulfonamides were present for one day. The 
untreated quarters were all negative. 

Blobel and Burch (21) found that a transfer of oxytetracycline from treated 
to untreated quarters occurred following intramammary infusion of 426 mg. 
oxytetracycline per quarter. Of 14 cows used in the trial, the antibiotic was 
excreted at detectable concentrations through the untreated quarters in one cow 
after infusion of the right front quarter, in two cows following infusion of the 
right and left rear quarters, and in three cows subsequent to infusion of the 
right front, right rear, and left rear quarters. Oxytetracycline levels in milk 
samples from the untreated quarters of infused cows did not exceed 0.08 unit/ml 
of milk and were consistently lower than the corresponding blood serum values. 
When 852 mg. of oxytetracycline per quarter were infused under similar experi- 
mental conditions, the antibiotic was found in the milk of untreated quarters 
of one cow after infusion of the right front quarter, in three cows following 
infusion of the right front and left rear quarters, and in three cows after 
infusion of the right front, right rear, and left rear quarters. The respective 
oxytetracycline levels varied between 0.05 and 0.10 unit/ml of milk. Oxytetra- 
eycline levels in blood serum were higher than in milk. The antibiotic was 
eliminated from the untreated quarters and blood serums within 24 hr. following 


intramammary infusion of 426 mg. or 852 mg. of oxytetracycline. 
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A study, in which 11 cows were infused with either 100,000 or 200,00 units 
penicillin (oil and aqueous carriers) per quarter, showed penicillin present in 
21 out of 22 untreated quarters. All untreated quarters were negative for the 
presence of penicillin by 48 hr. and there were only two positive untreated 
quarters at 36 hr. post-infusion (8). In another Ohio study, one cow that was 
infused with 150,000 units penicillin into the right rear and right front quarters 
shed detectable amounts of penicillin in all four quarters for as long as 84 hr. (7). 

An udder infusion study in the right rear quarter of ten cows (three mastitis 
infected and seven normal cows), using 100,000 units procaine penicillin G i 
oil and 2 wk. later in aqueous suspension, indicates that penicillin migrated to 
14 (out of 60) untreated quarters (135, 186). There was greater penicillin mi- 
gration when aqueous solutions were used in place of penicillin in oil vehicles— 
eight out of ten and three out of ten cows, respectively. All untreated quarters 
were free of antibiotics by the third milking (36 hr.) after udder infusion. 

Blobel (19) reported that the transfer of penicillin from treated to untreated 
quarters occurred in the majority of 17 cows infused with 100,000 units of 
penicillin G crystalline in a water-in-oil emulsion per quarter. Transfer occurred 
in 12 cows after infusion of the right front quarters; in 13 cows following 
infusion of the right front and left rear quarters; and in 14 cows subsequent to 
the infusion of the right front, right rear, and left rear quarters. By incorpor- 
ating sensitive methods of testing, penicillin levels in milk samples from the 
untreated quarters of infused cows ranged from 0.005 to 0.010 unit/ml and were 
consistently lower than penicillin test levels in the corresponding blood serums. 
Penicillin was present in both milk and blood up to 30 hr. after treatment. If 
standard antibiotic field testing procedures (0.05 unit/ml) had been used, 
would not have been possible to detect penicillin transfer. Under similar experi- 
mental conditions, except that 300,000 units of penicillin G crystalline in a 
water-in-oil emulsion per quarter were used, measurable amounts of penicillin 
were transferred to the untreated quarters in all cases (19). 

Livoni et al. (111) found that penicillin was excreted through the untreated 
quarters in relatively small amounts in six cows in which the penicillin treat- 
ment was limited to one or two quarters at dosage levels of 200,000 units adminis- 
tered three times at 12- and/or 24-hr. intervals, or a single dosage of 400,000 
units. This migration from treated to untreated quarters was not considered to 
be a problem. 

A recently completed study on 30 cows receiving insertions from 100,000 to 
1,600,000 units of penicillin revealed only two cows with detectable penicillin in 
a few of the quarters. Amounts detected were approximately 0.03 unit/ml and 
these values persisted for 24 hr. (100). 

Four of 33 cows, given intramammary infusions of antibiotics, had residues 
in the milk from the untreated quarters. One had antibiotics for one milking, 
two for two milkings, and one for three milkings. The milk from the treated 
quarter of the cows in this group contained antibiotic residues from four to 15 


milkings. The dosage level was not cited in this study (34). 
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Penicillin in aqueous or oil suspensions (dosage level not listed) was trans- 
ferred to untreated quarters in similar amounts in eight cows. Antibiotic 
concentration in untreated quarters was greatest in low-producing animals and 
least in higher-producing animals (47). 

On the other hand, when Shahani (165) used a green turquoise dye mixed 
with a penicillin-oil preparation in intramammary infusions for the visual 
detection of the antibiotic in milk, he found that neither the dye nor the anti- 
biotic diffused from one quarter to another. He postulated that the dye formed 
a complex with the antibiotie. 

Hansen ef al. (58) infused two cows in one quarter with 100,000 units of 
penicillin in a physiological salt solution and one cow with 1.0 g. of streptomycin 
in saline solution, 200 mg. of aureomycin in saline solution, 7.56 g. of sul- 
fanilamide in 20 ml. of oil. Little or no acid development took place in the milk 
from the treated quarters, regardless of the starter used. Normal acid produc- 
tion developed in the milk from the untreated quarters, indicating that there 
was no (or a nonsignificant) transfer of antibiotics from treated to untreated 
quarters. 

Following intramammary infusion of one of three different antibiotic treat- 
ments (100,000 units penicillin, 0.25 g. dihydrostreptomyecin, and 1.0 g. of 
sulfadimidin ; 426 mg. chlortetracyeline; or 100,000 units penicillin and 100,000 
units dihydrostreptomycin) into the right front quarter of three cows, antibiotics 
were not detected in the untreated quarters up to 48 hr. post-infusion (94). 

In studies by the Food and Drug Administration in 1953, no penicillin was 
detected in the mixed milk of the other three quarters following an infusion of 
100,000 units of penicillin in one quarter of an udder (5). 

It is difficult to assess the relative importance and length of time to discard 
milk from untreated quarters. In the New York control study (101), in which 
a fifteen-fold decrease in antibiotic contamination of milk resulted, farmers were 
directed to withhold milk only from treated quarters. It does not appear that the 
transfer of penicillin to untreated quarters is a problem of serious proportion 
with the methods of testing now in use. 


METHODS FOR NEUTRALIZING ANTIBIOTICS IN THE MILK SUPPLY 
The best single method to eliminate the presence of detectable antibiotics in 
milk, simply stated, is to keep the milk from treated cows out of the central milk 
supply. With some exceptions, 72 hr. post-treatment is generally long enough; 
however, Marth and Ellickson (116) have stated that the period of time for 
elimination of antibiotics from the milk varies as to: (1) kind and concentration 
of antibiotic therapy used, (2) stage of lactation of the cow, (3) quantity of 


milk produced, and (4) severity of infection. 

Restricted sales of antibiotics for mastitis treatment might reduce antibiotic 
contamination of milk in some instances. In recognition of this problem, English 
authorities recently restricted antibiotics for animal use to veterinarians only 
(6). Im Sweden, antibiotics are not only restricted by prescription but the 
veterinarian and producer are required to report antibiotic treatment of dairy 
cattle to the dairy processor (6). It makes little difference who administers the 
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antibiotic, dairyman or veterinarian, if the milk from treated quarters is not 
withheld for a sufficient period of time. 

When contaminated milk leaves the farm, it is subjected to various processes 
in the milk plant. It has been postulated that certain procedures might reduce 
the amount of antibiotics before actual consumption by the consumer (116). 

Manufacturing processes. The effect of various heat treatments has been 
summarized and tabulated by Marth and Ellicksen (116). A consensus indicated 
that penicillin, chlortetracycline, oxytetracycline, streptomyein, and chloram- 
phenicol in milk are relatively stable to pasteurization temperatures and above 
(116, 163, 167, 169). It would be desirous to know the effects of ultra-high heat 
treatment of milk for relatively short periods of time on antibiotics present in 
milk. 

When antibiotics were kept at low temperatures (0 to 10° F.) for periods up 
to 12 wk., the property of the antibiotic to prevent normal growth of lactic 
starter culture was not changed (67). 

Shahani (165) stored milk samples at 39° F. and found losses of 37% for 
penicillin, 21% for streptomycin, and 15% for chlortetracycline with seven days 
of storage. It was suggested that bacterial activity of milk enzymes might be 
responsible for the loss in antibacterial activity (118, 165). 

Dilution. One might assume that milk from treated cows when added to the 
central milk supply would be diluted to the extent that there would not be any 
difficulty for consumption purposes or in the manufacture of cultured products. 
Most starter cultures are retarded if the concentration of penicillin is 0.05 unit 
per milliliter or greater; therefore, milk from one treated quarter could inhibit 
bacterial action in 250 gal., assuming a normal infusion dosage level of 100,000 
units of penicillin with one-half of the potency in the first milking following 
treatment. Methods for detecting penicillin are capable of detecting 0.003 unit 
per milliliter or 100,000 units of penicillin in 8,000 gal. of milk (4). 

The rapid test for penicillin used by dairy plants and the Food and Drug 
Administration is sensitive enough to detect 0.05 unit/ml of milk (9), or 
approximately 14 9th as sensitive as the overnight test (4). 

Hunter (80, 81) found that in order to avoid manufacturing difficulties, 
assuming the milk was not properly discarded following treatment, not more 
than 2% of the herds should be treated simultaneously. Overby (134) stated 
that milk from the first milking after treatment with penicillin should be diluted 
at least 200 times before being used for cheese-making. Hunter (80, 81) caleu- 
lated that 90 gal. of milk with five units per milliliter in 4,500 gal. (a five-vat 
factory supply per day) would provide the critical level of 0.1 unit per milliliter, 
which would cause appreciable reduction in acid development. 

Separation. When whole milk containing antibiotics is separated into cream 
and skimmilk components, concentrations of either penicillin or streptomycin 
are equal in the two fractions (58). However, chlortetracycline was concen- 
trated in the skimmilk fraction of treated cows’ milk (148). 

Inactivation of penicillin. Overby (134) reported that several substances 
have been found that inactivate penicillin. One of these, hydroxylamine, was 
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effective but could not be recommended for practical purposes because of its 
slight toxicity. It was found that taka-diastase and amylase, both derived from 
an Aspergillus strain, were able to inhibit penicillin activity. 

Penicillinase, discovered in 1940 by Abraham and Chain (1) in a strain of 
E. coli, hydrolyzes penicillin to the biologically and antigenically inactive 
penicilloic acid, by opening the beta-lactam ring. Several workers have used this 
enzyme prior to inoculation with starter cultures (30, 74, 134). Katznelson and 
Hood (95) found that 0.02 mg. of penicillinase per 100 ml. milk was capable of 
restoring normal acid development in milk containing 0.5 unit of penicillin per 
milliliter and 50% acid production in the presence of 1.0 unit per milliliter of 
milk. Doan (39) and Krienke (110) stated that penicillinase could be used for 
inactivation in milk, but that its use was not practical because of cost. Overby 
(134) claims that a Danish preparation, Penase Leo, is inexpensive and the 
practical use of penicillinase is no longer prohibited by cost. 

Increased inoculum for cheese production. Claybaugh and Nelson (32), 
Katznelson and Hood (95, 96), and Doan (39) recommended heavy inoculation 
with starter to overcome the effects of penicillin in milk. Krienke (110) pointed 
out that a second inoculum would be practical only in the presence of low 
concentrations of the antibiotic. The addition of large amounts of starter to 
milk for cheese-making will not serve to eliminate any defects produced by 
penicillin, when at the level of 0.2 unit or more per milliliter (134). 

Resistant cultures. Overby (134) developed a single-strain starter that was 
resistant to three units of penicillin per milliliter and retained this resistance 
during 20 transfers through milk free from penicillin. Verlinski (191) 
produced a commercial starter culture which would develop normal acid and 
flavor in milk containing 0.05 to 0.1 unit of penicillin; but lost its resistance 
after eight to ten transfers in penicillin-free milk. Hargrove et al. (61) adapted 
eultures of L. bulgaricus and S. thermophilus to resist three units penicillin 
per milliliter and P. shermanii to 1 unit per milliliter and to 200 mg. streptomy- 
cin/milliliter. Johnstone (89) reported some strains exhibited limited resistance 


to chlortetracycline. 
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RELATION OF MILK SERUM PROTEINS AND MILK SALTS TO THE 
EFFECTS OF HEAT TREATMENT ON RENNET CLOTTING? 


A. KANNAN? anp ROBERT JENNESS 


Department of Agricultural Biochemistry, University of Minnesota, St. Paul 


SUMMARY 


A study was made of the effects of heat at 85 or 90°C. for 30 min. on the rennet 
eoagulability of skimmilk and of artificial systems composed of caseinate centrifuged 
from skimmilk and dispersed in milk dialysate with and without added milk serum pro- 
teins. Such heat treatments of skimmilk cause an immediate prolongation of the rennet 
clotting time at 35°C. and a further prolongation (hysteresis) when the heated sample 
is held following heating. These effects occurred with the artificial systems only if they 
contained 8-lactoglobulin. Furthermore, 0.2% 8-lactoglobulin added to skimmilk enhanced 
the magnitude of both the immediate prolongation and the hysteresis. Thus, heat treat- 
ment appears to alter 8-lactoglobulin or to cause it to complex with casein in such a way 
that it inhibits rennet clotting. The rate of action of rennet at 16°C. is slower on heated 
than on raw milk, hence the heat-induced reactions involving §-lactoglobulin appear to 
interfere with the primary (enzymatic) action of rennet. 

Heat treatment of eight samples of skimmilk at 85°C. for 30 min. caused an average 
transfer of 6 mg. of calcium and 4+ mg. of phosphorus per 100 ml. from the dissolved to 
the colloidal state. The dissolved calcium and phosphate tended to return to their original 
coneentrations when heated milk was held cold. Dialysis of heated milk against a large 
volume of raw milk increased the colloidal phosphate and partially restored the rennet 
coagulability. These changes in state of calcium and phosphate occurred in the absence 
of 8-laectoglobulin and were not enhanced in magnitude by added (0.2%) §8-lactoglobulin. 
Thus, they seem to be independent of that protein. The hysteresis phenomenon may result 
from loss of colloidal caleium phosphate from the caseinate particles on holding after 
heating. : 





It is well known that heat treatment of milk increases its rennet clotting 
time. Not only is there an immediate increase in rennet clotting time after 
heating in the range of 65-100° C. for times up to 30 min., but a further in- 
erease occurs if the sample is held after heating. These effects were demon- 
strated in 1929 by Mattick and Hallett (9) and corroborated by Powell (13), 
Powell and Palmer (14), and Pyne (15). Pyne (15) demonstrated that the 
change on aging (referred to as hysteresis) coincides with the release of caleium 
and phosphate from the colloidal particles. Hilgeman ai:d Jenness (5) reported 
that the dissolved calcium and phosphate of skimmilk decrease upon heating 
and revert to nearly the original levels upon subsequent holding at 0-5° C. 
Since both heating and subsequent aging prolong rennet clotting time but have 
opposite effects on dissolved calcium and phosphate, the changes in clottability 
eannot be explained simply or solely on the basis of shifts in the equilibrium 
between dissolved and colloidal calcium phosphate. 

Powell and Palmer (14) were able to produce both the immediate effect of 
heat and the hysteresis in artificial systems of calcium-caseinate-phosphate. 
Pyne (15) also observed the hysteresis in such systems. These findings suggest 
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that the calcium-caseinate-phosphate is solely responsible for these effects. On 
the other hand, a possible involvement of the serum proteins is indicated by 
the finding of Moir (11, 12), that both the immediate prolongation of rennet 
coagulation time by heat treatment and the hysteresis are accompanied by 
small decreases in the nitrogen content of rennet whey. Moir employed heat 
treatments of 73.9 and 85° C. for 30 and 60 sec. The work reported in this 
paper was undertaken to ascertain whether the milk serum proteins actually 
are involved in these phenomena and if so, how their effects are related to the 
shifts in state of calcium and phosphate. 


MATERIALS AND METHODS 


Skimmilk was separated in the laboratory from raw mixed milk secured 
either from the University herd or from a commercial bulk supply. 

Caseinate systems consisted of caseinate centrifuged from raw skimmilk 
and dispersed in an equilibrium milk dialysate, prepared by dialyzing distilled 
water in a cellophane sack vs. at least 30 volumes of skimmilk or whole milk 
for 48 hr. at 0-5° C. The caseinate was collected by centrifuging raw skimmilk 
at 13,000 r.p.m. for 70 min. at room temperature in cellulose nitrate tubes 
(10 by 75 mm.) in a Servall angle centrifuge, Model SS 1-A. This procedure 
resulted in separation of a caseinate gel and a clear supernatant whey. Analyses 
indicated that at least 90% of the caseinate was sedimented. The caseinate gel 
was washed by dispersing it in equilibrium dialysate and recentrifuging. It 
was then redispersed in dialysate. A level of 0.1% serum protein or less was 
attained in the resulting dispersion at a normal casein level of 2.5%. The com- 
position of these sols usually was controlled volumetrically (i.e., they were 
made up with dialysate to a volume about 10% less than that of the original 
skimmilk centrifuged). In some cases, the original skimmilk and the sol were 
analyzed for nitrogen distribution by the Rowland method (7) and the latter 
was adjusted to exactly the casein (and in some cases the serum protein level) 
of the former. . 

The serum protein mixture added in certain experiments was prepared by 
acidifying fresh skimmilk to pH 4.6 with acetic acid, dialyzing, and freeze- 
drying. The individual serum proteins used were £-lactoglobulin recrystallized 
four times according to Larson and Jenness (8), a-lactalbumin recrystallized 
twice according to Gordon and Ziegler (4), bovine blood serum albumin 
(Armour), and eu- and pseudoglobulin prepared from colostrum according 
to Smith (16). 

All artificial sols were equilibrated by dialysis against skimmilk overnight 
at 0-5° C. before being subjected to heat treatment and rennet clotting tests. 
The heat treatment was usually 85° C. for 30 min., but in a few cases 90° C. for 
30 min. was used. The sample was cooled quickly to 35° C. for the rennet 
clotting test, which was performed within 5 min. after the cessation of heating. 
To determine the effects of the hysteresis, additional tests were made after 
holding the samples for 3 hr. at 35° C., or in some cases after storage overnight 
at 0-5° C. 
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The apparatus used for determining rennet clotting time was similar to 
that deseribed by Berridge (1) but on a smaller scale. It consisted of a 10- by 
100-mm. test tube which could be attached by a stopper and shaft to a motor 
which rotated it at 3 r.p.m., at an angle of about 40° to the horizontal in a water 
bath at 35° C. In performing the clotting test, 1 ml. of the sample and 0.1 ml. 
of a 1:10 dilution* of commercial rennet extract were quickly tempered to 
35° C. (if not already at that temperature) in separate tubes. The sample was 
quickly poured into the tube containing rennet, which was then attached to 
the stopper and rotated. The clotting time was measured with a stop watch 
from the mixing of sample and rennet to the first appearance of flocculation. 
In general, the raw milks gave clotting times of 30-40 sec. with the rennet 
employed. This could be easily replicated within 1 see. in separate deter- 
minations. 

Ultrafiltrates for analysis were prepared with the pressure apparatus de- 
scribed by Tessier and Rose (18). Calcium was determined by the method 
of Jenness (6), and phosphorus by that of Sumner (17). 


RESULTS 
Rennet coagulation of caseinate sols. To determine whether the centrifuga- 
tion and redispersion had any influence on the stability of the caseinate system, 
a number of samples of skimmilk were centrifuged and the separated caseinate 
was redispersed immediately back into the supernatant whey. The results of 
this experiment, shown in Table 1, indicate that such systems respond to 


TABLE 1 


Effect of heat treatment (85° C.—30 min.) on rennet clotting time of skimmilk and 
easeinate dispersions in centrifuge whey 





Rennet clotting time (sec.) 
































Skimmilk Casein in raw whey Casein in heated * whey 
Heated Heated Heated 
Not 3 hr. at Not 3 hr. at Not 3 hr. at 
Lot heated Immed. 35°C. beated Immed. 35° C. heated Immed. 35°C. 
2 54 65 56 40 90 78 
3 40 99 110 45 100 197 55 58 72 
a 37 65 80 41 78 98 59 56 62 
7 34 65 95 44 103 125 


“Centrifuge whey heated at 85° C.—30 min. before recombining with caseinate. 


heating comparably to skimmilk. However, in two cases the supernatant whey 
was heated at 85° C. for 30 min. before the caseinate was redispersed in it. 
When this was done, the effect of subsequent heat treatment on the rennet 
clotting was virtually eliminated. Thus, this preliminary experiment suggests 
that some constituents of the serum are involved in the effect of heat upon 
the rennet clotting time. 

Eleven experiments were next performed with caseinate dispersed in equi- 
librium dialysate with and without added serum protein. Table 2, summarizing 


*A 1:20 dilution was used in the experiments involving incubation at 16° C. 
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these data, shows that caseinate dispersed in dialysate had a comparable clotting 
time to that of skimmilk but that it did not respond to heat treatment like 
skimmilk. However, when serum protein was added, the system responded to 
heating in a manner at least qualitatively similar to the behavior of skimmilk. 
Both the immediate increase in clotting time and the hysteresis effect were 
usually observed with such systems. [Lot 2 is an exception, in that hysteresis 
did not occur in the heated skimmilk, the caseinate dispersed in whey (Table 1), 
or the caseinate dispersed in dialysate plus serum protein (Table 2).| If the 
serum protein was dispersed in the dialysate and heated before adding the case- 
inate, the effect did not oecur. This latter result is similar to that observed with 
the heated supernatant whey in Table 1. 

The next experiment was designed to determine the effect of the serum pro- 
tein level on the response to heat treatment. A sol of caseinate dispersed in 
equilibrium dialysate was prepared and graded levels of serum protein were 
added to separate portions of it. As Figure 1 shows, the rennet clotting time 
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Fig. 1. Influence of serum protein level on rernet clotting time of caseinate dispersions, 


of the heated systems increased as the serum protein content was raised. In 
replicate experiments, the effect of the level of serum protein on rennet coagu- 
lation time was found to be slightly more or less pronounced than indicated in 
Figure 1. The various levels of serum protein had no effect on the rennet 
clotting of the unheated systems. 
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Since the hysteresis effect is very marked in samples aged at 5° C., a series 
of sols similar to those used in the previous experiment were held for 24 hr. at 


this temperature after being heated. 


TABLE 3 


The data (Table 3) support those in 


Effect of heat treatment and aging on rennet clotting time of skimmilk and caseinate 


_ Heated 85° C. — 30min. 130 


dispersions in milk dialysate 





Rennet clotting time (sec.) 














420 38 


Casein in 





dialysate 
Casein in + serum 
Skimmilk dialysate protein 
Aged Aged - Aged 
Not 24 hr. Not 24 hr. Not 24 hr. 
aged at 5° C. aged at5°C. aged at 5° C. 
Unheated 40 43 21 26 
Heated 85° C.— 30 min. 80 400 20 57 
Unheated 38 45 20 20 25 25 
Heated 85° C.—30 min. 65 250 22 38 180 230 
Unheated 35 28 24 
70 _—*188 310 


Tables 1 and 2, in showing that the hysteresis occurs only to a small extent in 
systems of caseinate dispersed in dialysate, but that it is very prominent in 
both skimmilk and caseinate systems containing serum proteins. 

Effect of B-lactoglobulin on rennet coagulation. To determine whether all 
or only some of the serum proteins exhibit this behavior, the individual pro- 
teins were incorporated separately and in a mixture in caseinate dispersions in 
approximately the proportions in which they occur in skimmilk. The data in 
Table 4 reveal that at levels comparable to those in milk only the B-lactoglobulin 
caused the increased rennet clotting time upon heating. 


TABLE 4 


Effect of heat treatment and presence of individual serum proteins on rennet clotting time 
of caseinate dispersions in milk dialysate 





Rennet clotting time (sec.) 





Heated 85° C. for 


30 min. 








After 
No Imme- 24 hr. 
Sample heating diate at 5° C. 
1 Skimmilk 35 130 420 
2 Casein in dialysate 28 38 70 
3 2+ Milk serum protein (687 mg/100 ml.) 24 183 310 
4 2+ B-Lactoglobulin (350 mg/100 ml.) 27 150 330 
5 2+ a-Lactalbumin (100 mg/100 ml.) 23 30 70 
6 2+ Bovine blood serum albumin (37.5 mg/100 ml.) 24 30 75 
‘3 2+ Euglobulin (37.5 mg/100 ml.) 29 34 86 
8 2+ Pseudoglobulin (37.5 mg/100 ml.) 24 38 65 
9 25 265 360 


2+ Proteins as in 4, 5, 6, 7, 8 
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Beta-lactoglobulin is further implicated in the effects of heat on rennet 


clotting by an experiment in which 0.2% of 8-lactoglobulin was added to milk 
before heat treatment (Table 5). The added £-lactoglobulin did not change 


TABLE 5 
Effect of adding 0.2% §-lactoglobulin on rennet coagulability 


Rennet clotting time (sec.) 


No hold at 5° C. after heating 24 hr. at 5°C. after heating 





Heat 85° C. Heat 85° C. 
J Raw — 30 min. Raw — 30 min. 
Time es ; = 
Lot at35°C. NofB 0.2% 8 Nog 0.2% B Nop 0.2% 8 Nop 0.2% B 
(min,) 
21 5 75 65 262 643 104 73 >1,020 >1,020 
180 65 57 430 960 62 55 890 >900 
22 5 78 66 158 252 76 46 >900 >900 
180 43 47 366 >900 42 45 614 900 
23 5 90 72 199 311 62 >900 >900 
180 52 46 356 536 45 458 >900 


the rennet clotting time of the raw product but greatly enhanced the effect of 
heat and the hysteresis. 

It is of interest to determine whether heat treatment and hysteresis affect 
the primary (enzymatic) or secondary (coagulation) stage of rennet action. 
The two stages can be isolated by allowing the first to proceed at low tempera- 
ture and at intervals withdrawing aliquots for determination of coagulation 
time at higher temperature. In this way, Pyne (15) showed that the primary 
action of rennet is completed at 16°C. 
freshly heated skimmilk as in skimmilk held at room temperature for 4 hr. 
after heating. He concluded, therefore, that the hysteresis affects the second or 
coagulation stage rather than the primary enzymatic action of rennet. An 
attempt was made to corroborate Pyne’s result and to compare the rates of the 
primary action on raw and heated milks. Each such experiment involved A. 
raw skimmilk, B. skimmilk freshly heated at 85° C. for 30 min. and quickly 
cooled to 16° C., and C. skimmilk heated at 85° C. for 30 min., quickly cooled 
to 16° C., and held for 3 hr. Rennet was added to portions of each lot and at 
intervals during 1 hr. aliquots were transferred to coagulation tubes and the 
coagulation time determined at 35° C. Controls consisted of portions of each 
lot held at 16° C. with no added rennet, aliquots being transferred at intervals 
to coagulation tubes at 35° C. containing rennet. The final concentration of 


in about the same length of time in 


rennet was, of course, constant in all tubes (0.1 ml. of a 1:20 dilution of rennet 


extract per 1 ml. of milk). 

The entire experiment was replicated with four separate lots of skimmilk. 
Plots of the average data for the four lots are given in Figure 2. Since the 
control for B exhibited considerable hysteresis during the hour’s incubation at 
16° C., it was deemed advisable to compare A, B, and C on the basis of the 
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Fig. 2. Change in coagulation time at 35° C. of raw and heated skimmilk as a result of 
incubation with rennet at 16° C. 
A =raw skimmilk. 
B =skimmilk heated at 85° C—30 min. and cooled quickly to 16° C. 
C= like B but held 3 hr. at 16° C. before adding rennet. 
Controls were held at 16° C. without rennet, and transferred to tubes containing 


rennet at 35° C. 


Average of four replicate experiments. 
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difference between coagulation times of the renneted samples and the controls. 
Such a comparison based on the average of all four lots is plotted in Figure 3. 
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Fig. 3. Difference between coagulation times at 35° C. of skimmilk held at 16° C. with 
and without rennet. 
A=raw skimmilk. 
B = skimmilk heated at 85° C.—30 min. and cooled quickly to 16° C. 
C= like B but held 3 hr. at 16° C. before adding rennet. 


For the raw skimmilk (A) the difference became constant in about 10 min., but 
for the heated samples (B) and (C) the difference increased throughout the 
hour’s incubation at 16° C. (although at a slower rate after 20 min.). These 
data suggest that the effect of heating is to inhibit the primary action of rennet 
and (in agreement with Pyne) that the hysteresis influences the second or 
coagulation stage of the process. 

State of calcium and phosphate. It was thought that B-lactoglobulin may be 
so altered by heating that it binds a larger fraction of the calcium in the 
system. Such an introduction of additional calcium-binding capacity into the 
system would lead one to expect that upon equilibrating a small amount of 
heated skimmilk by dialysis versus a large amount of raw skimmilk the calcium 
content in the heated skimmilk should increase. Eight samples of skimmilk 
were heated at 85 or 90° C. for 30 min. and each then equilibrated by dialysis 
against a large volume of raw skimmilk for 48 hr. at 0-5° C. (Table 6). At 
the end of the dialysis period the total calcium content of the heated skimmilk 
was consistently about 10 mg. per 100 ml. higher than that of the raw skimmilk. 
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However, the ultrafilterable calcium contents of the raw and heated samples 
were virtually identical. Thus, the additional calcium was in the colloidal 
form. The total and colloidal phosphorus likewise increased when heated milk 
was dialyzed against raw milk. The data for Lot 34 show that dialysis against 
raw milk for an additional 48 hr. still further increases the content of colloidal 
calcium phosphate. Furthermore, the uptake of calcium and phosphate occurs 
even if the heated skimmilk is held at 5° C. for 48 hr. before dialyzing against 
raw skimmilk for 48 hr. The dialysis of heated milk against raw milk partially 
restores the rennet coagulability of the former, as might be expected from the 
inerease in colloidal calcium phosphate (Table 7). 


TABLE 6 


Effect of storage and dialysis vs. raw skimmilk on total and ultrafilterable calcium and 
phosphate in heated skimmilk 











Total Ultrafilterable 
Heated* 
Heated* se pe es 
and Imme- 
Lot Raw dialyzed” Raw diate 48 hr. Dialyzed” 








[Calcium (mg/ml) | 





31 1.21 1.31 0.38 0.33 0.35 0.37 
32 1.25 1.29 0.37 0.31 0.32 0.33 
33 1.20 1.26 0.38 0.33 0.36 0.35 
34a 1.22 1.27 0.37 0.29 0.31 0.33 
34b° ; 1.28 0.30 
34e4 1.34 0.33 
35 1.15 1.26 0.37 0.30 0.35 0.36 
36 1.12 1,22 0.39 0.33 0.35 0.39 
37 1.21 1.31 0.38 0.32 0.35 0.36 
38 1.20 1.29 0.38 0.31 0.35 0.37 
[Phosphorus (mg/ml) | 
31 0.99 1.02 0.37 0.32 0.35 0.36 
32 0.99 1.02 0.38 0.33 0.35 0.36 
3 0.98 i.01 0.36 0.33 0.35 + 0.36 
34a 0.98 1.00 0.35 0.31 0.33 0.34 
34b° 1.01 0.34 
34e4 1.03 0.35 
35 0.99 1.04 0.37 0.32 0.34 0.43 
36 1.00 1.06 0.37 0.32 0.32 0.37 
37 0.96 1.02 0.36 0.32 0.34 0.36 
38 0.98 1.07 0.35 0.34 0.35 0.32 


* Heated at 85° C. for 30 min. 
> Dialyzed vs. large volume of raw skimmilk for 48 hr. at 5° C. 
© 34b held 48 hr. at 5° C. and then dialyzed vs. raw milk 48 hr. at 5° C. 


- 


“34¢ dialyzed vs. raw milk for 96 hr. at 5° C. 


The effect of direct addition of calcium before and after heat treatment at 
90° C. for 30 min. was next determined. For these experiments 0.01% calcium 
was added in the form of a dry mixture of calcium chloride and calcium hy- 
droxide to avoid changes in pH. Added calcium was more effective in restoring 
rennet coagulability when it was added after heat treatment (Table 8). This 
finding suggests that calcium added before heating is immobilized in such a 
manner by the heating that it is no longer efféctive in promoting rennet clotting. 
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If the change in calcium actually involves the B-lactoglobulin, then the 
addition of more £-lactoglobulin to milk before heat treatment should enhance 
the uptake of calcium by heated milk when it is dialyzed against raw milk. 
Accordingly, 0.2% -laetoglobulin was added to skimmilk before heating. This 
additional 8-lactoglobulin did not, however, increase the uptake of calcium by 
heated skimmilk upon dialysis versus raw skimmilk (Table 9). Furthermore, an 
artificial milk prepared by dispersing centrifuged caseinate in the milk ultra- 
filtrate exhibited an uptake of calcium of similar magnitude to that of heated 
skimmilk when heated and dialyzed versus raw skimmilk (Table 9). Likewise, 
rennet whey when heated exhibited a reduction in ultrafilterable calcium and 
phosphate to a degree comparable to the reduction in skimmilk (Table 10). 
However, the calcium did not revert to the dissolved state quite as completely 
upon storage for 24-28 hr. at 0-5° C. in the heated whey as it did in the heated 
skimmilk. When heated whey was dialyzed against raw skimmilk, it exhibited 
the uptake of caleium in the same manner as heated skimmilk dialyzed against 
‘aw skimmilk. Thus, it appears that this phenomenon can occur in the absence 
of either the whey protein or the caseinate particles. 

These experiments seem to exclude the hypothesis that 8-lactoglobulin is so 
altered by heat treatment as to bind calcium in addition to what it binds in the 
native state. §-Lactoglobulin seems to be involved in the rennet coagulation 
problem, but apparently it does not exert this effect by binding part of the 
calcium. 

DISCUSSION . 

Artificial systems consisting of caseinate centrifuged from skimmilk and 
dispersed in milk dialysate offer considerable promise for investigations of the 
effects of various materials and treatments on the rennet coagulability of milk. 
Although only about 90% of the caseinate could be sedimented by the technique 
used, no ingredient essential for normal rennet coagulation appears to have 
been lost. It is difficult to reconcile the failure of heat treatment to prolong the 
rennet coagulation of these systems with the data of Powell and Palmer (14) 
and of Pyne (15) showing the occurrence of both the immediate effect and the 
hysteresis in artificial caseinate-phosphate systems devoid of serum proteins. 
It is believed, however, that the systems employed in the present work are at 
least as representative of the actual situation in milk as those employed by 
previous workers. 

The results of this investigation suggest that B-lactoglobulin is involved both 
in the immediate and in the delayed (hysteresis) prolongation of clotting time 
by heat treatment. These effects are much less marked with systems low in 
serum proteins (0.1% or lower) than with those containing a normal level of 
these proteins. They are further enhanced by addition of 8-lactoglobulin to 
skimmilk. It appears that the B-lactoglobulin must be heated in the presence of 
the caseinate. Its ability to engage in this reaction is lost if it is previously 
heated in the absence of casein, as in centrifuge wheys. This fact, as well as 
the failure of B-lactoglobulin added to skimmilk before heating to enhance the 
uptake of calcium when heated milk is dialyzed against raw milk, indicates 
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TABLE 7 
Restoration of rennet clotting by dialysis of heated skimmilk vs. raw skimmilk 


Rennet clotting time (sec.) 
Skim heated 90° C. — 30 min. 


Dialyzed 

vs. raw 
Time* 48 hr. 48 hr. 48 hr. 

Lot at 35° C. Fresh at 5° C. Immed. at 5° C. at 5° C. 


Raw skim 


(min. ) 


41 5 +8 2 90 254 132 
42 5 36 38 57 246 113 
42 60 36 32 68 122 100 
43 60 26 28 113 310 114 
44 60 39 46 200 350 158 
15 5 47 105 

45 60 36 35 84 315 196 
46 5 35 70 

46 60 31 30 88 181 141 


“Time of holding at 35° C. before adding rennet. 
TABLE 8 
Effect of adding calcium on rennet coagulability of skimmilk 


Rennet clotting time (sec.)* 








Raw skim Skim heated 90° C. — 30 min. 
Time _— — _ 
held at 0.01% 0.01% 
Lot 5” C. No Ca 0.01% Ca No Ca Before heat After heat 
(hr.) 
43 0 26 20 113 73 56 
48 28 15 310 118 92 
44 0 39 33 200 95 65 
48 46 38 350 126 100 
45 0 36 28 84 76 
48 35 28 315 112 
46 0 3 20 88 40 
48 30 29 181 76 





* All held at 35° C. for 1 hr. before adding rennet. 


TABLE 9 
Effect of heat treatment on calcium in milk and artificial systems 





Caleium content (mg/ml) 





Skimmilk + 0.2% Caseinate 











Skimmilk B-lactoglobulin in dialysate 
Lot 38 Ultra- Ultra- Ultra- 
Treatment Total filtrate Total filtrate Total filtrate 
1 Raw 1.20 38 1.22 34 1.30 .o7 
2 Heated 85° C. 
30 min. 32 31 31 
3 Like 2, but held 
48 hr. at . 
0-5° C. 35 .o4 34 
4 Like 2, but 
dialyzed vs. 
raw skim 
48 hr. ae .37 __ 1.29 _ 35 1.40 ae 
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that 8-lactoglobulin does not exert its influence on rennet clotting by binding 
additional calcium after heat denaturation. Zittle and DellaMonica (19) also 
found that heat treatment of 8-lactoglobulin did not increase its calcium-binding 
capacity. 
TABLE 10 
Effect of storage and dialysis vs. raw skimmilk on total and ultrafilterable calcium and 


phosphate in heated whey 





Total Ultrafilterable 
Heated” Heated” 
and —— —- - 
dialyzed ° Imme- Dialyzed* 
Lot “ Raw 48 hr. Raw diate 48 hr. 48 hr. 
[Calcium (mg/ml) ] 
31 0.35 0.50 0.37 0.27 0.31 0.40 
32 0.41 0.55 0.34 0.24 0.26 0.31 
33 0.40 0.48 0.35 0.29 0.30 0.36 
[Phosphorus (mg/ml) } 

31 0.47 0.54 0.36 0.32 0.33 0.37 
32 0.50 0.55 0.36 0.31 0.33 0.38 
33 0.49 0.50 0.36 0.32 034 037 





* Numbers refer to same lots as in Table 6. 
> Heated at 85° C. for 30 min. : 
© Dinalyzed against a large volume of raw skimmilk for 48 hr. at 5° C. 


These experiments suggest that heat treatment changes -lactoglobulin in 
such a way that it interferes with the primary action of rennet. One obvious 
possibility is that B-lactoglobulin combines with one or more of the caseins and 
hinders the action of rennin. MeGugan et al. (10) kave suggested an interaction 
between £-lactoglobulin and a-casein on the basis of changes in electrophoretic 
patterns when f-lactoglobulin and casein are heated together. Such experiments 
do not, however, demonstrate conclusively that a complex is formed, because 
the heating of 8-lactoglobulin alone increases its mobility to a value close to 
that of a-casein. DellaMonica et al. (2) found that calcium chloride at a level 
of 6.0 mM per liter preferentially precipitates 8-lactoglobulin from heated 
mixtures of casein and #-lactoglobulin. They concluded that interaction does 
not occur upon heating. However, their data are not sufficiently precise to 
preclude the interaction of 8-lactoglobulin with a small portion or fraction of 
the casein, particularly a fraction of low phosphorus content. 

Unquestionably, heat treatment causes a transfer of calcium and phosphate 
from the dissolved to the colloidal state. Cold-aging following heating results 
in a transfer of colloidal calcium and phosphate to the dissolved state. These 
phenomena must involve more than a simple formation of an insoluble salt at 
high temperature and resolution on aging after heating, because heated milk 
dialyzed against raw milk acquires additional colloidal calcium phosphate. The 
results can perhaps be explained on the basis that heat treatment produces a 
new form of colloidal calcium phosphate more or less irreversibly at the expense 
of the dissolved calcium and phosphate, and probably of the original colloidal 
ealcium phosphate, as well. When heated milk is aged, some of the original 
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colloidal caleium phosphate dissolves to restore the content of dissolved calcium 
and phosphate to nearly their original levels in the raw milk. If, however, 
heated milk is dialyzed against raw milk it acquires additional colloidal calcium 
phosphate to maintain the equilibrium between the colloidal and dissolved 
states. The following diagram summarizes this hypothesis: 











Original oe 
colloidal piles le 
phosphate — 
Concentration 
> eee Caleium and Dissolved 
Caseinate phosphate calcium and 
particles ions and < phosphate 
complexes from raw 
in solution milk by 
dialysis 
New form | 
of colloidal Heat treatment 
caleium — 
phosphate at 85 or 90° C. 


Unfortunately, no analytical method is yet available which permits a dis- 
tinction to be made between the original colloidal caleium phosphate and a new 
form produced by heating. 

The data presented in this paper suggest that the postulated new form 
of calcium phosphate does not involve £-lactoglobulin. They are, however, in 
accord with the suggestion of Evenhuis and DeVries (3), that heat treatment 
produces an almost irreversible transformation of calcium and phosphate in 
milk into hydroxyapatite. Of course, these data offer no proof that hydroxyapa- 
tite actually is the form produced. The data for the eight samples reported in 
Table 6 simply are not sufficiently precise to permit designation of any specific 
salt on the basis of ratio of changes in concentration of calcium and phos- 
phorus on heating, aging, and dialysis. 

It seems logical to conclude that the prolongation of clotting time which 
occurs during hysteresis results from the decrease in the amount of colloidal 
calcium phosphate associated with the caseinate particles. It is, however, 
difficult to understand why the hysteresis occurs only if f-lactoglobulin is 
present when the system is heated. Possibly, the interaction of 8-lactoglobulin 
with the caseinate micelles makes the coagulability more critically dependent 
on the concentration of colloidal calcium phosphate. 
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APPARENT LOCATION OF LIPASE IN CASEIN 


J. D. SKEAN anp W. W. OVERCAST 
Department of Dairying, Tennessee Agricultural Experiment Station, Knoxville 


SUMMARY 


The principal lipase in milk is known to be associated with the casein complex. 
In this study, the casein obtained from H.S-treated skimmilk separated by centrifugation 
at 50,000 r.p.m. possessed almost twice the lipase activity of the casein separated by 
acidification with 10% lactic acid. 

Sols of the casein separated by acidification and centrifugation were prepared in 
a borate buffer of pH 9.0. These sols were subjected to continuous paper electrophoresis 
which separated the casein complex into three fractions; presumably, the a-, 8-, and 
y-easeins. The collected effluents of the separated fractions were studied to determine 
if they were capable of causing breakdown of milk fat by incubating them in a milk 
fat substrate for 72 hr. Based on the increases in free fat acidities of these substrates, 
lipolytie activity was demonstrated only by those effluents bearing protein from the 
most rapidly migrating casein fraction (a-casein). 





There is ample experimental evidence that the principal lipolytic activity 
of normal cow’s milk is associated with the casein fraction (1, 6, 10, 19). How- 
ever, the source of this activity has eluded attempts to locate it more specifically 
within the casein fraction (19). In studying bacterial esterases, Greuller and 
Sierra (11) separated lipase and ali-esterase from a cell-free solution of Pseu- 
domonas aeruginosa by means of paper electrophoresis. The identification of a 
zone of lipase on a paper sheet after electrophoretically separating the enzymes 
of a fungus has been reported (12). Lederer (13) discussed continuous electro- 
phoresis as a promising means of purifying enzymes in macro quantities. 
Bamann and Tietz (3) used this method in the separation of seed lipase prepara- 
tions from Nigella sativa. Based on these reports, and the fact that the major 
casein fractions are paper-electrophoretically separable (14, 16, 20), it seemed 
feasible to attempt to use continuous paper-electrophoresis to separate these 
fractions in quantity sufficient to permit the assay of the lipolytic activity of 
each, and thereby gain further insight as to the location of this enzyme. 


MATERIALS AND METHODS 

Commercially separated, grade A, raw skimmilk obtained from the separator 
was used in this experiment. A 1-liter quantity was moderately agitated in an 
ice bath while H.S was passed through it for 10 min. (18). Casein to be used 
as a source of lipolytic activity was separated from the skimmilk by two methods: 

A. This procedure was carried out in a room controlled at 3 to 5° C. An 
800-ml. quantity of H.S-treated skimmilk under agitation was acidified to pH 
4.7 by dropwise addition of 10% lactic acid. The acidified skimmilk was dis- 
tributed among four 250-ml. bottles and centrifuged 10 min. at 2,000 r.p.m. on 
a 7-in. diameter head. The sedimented curd, after decantation of the whey, was 
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transferred into 400 ml. of borate buffer in a Waring Blendor and resuspended 
with slow-speed agitation. The resulting sol was alkalized to pH 9.0 by dropwise 
addition of 1 N NaOH. Approximately 50 min. elapsed between skimmilk 
acidification and curd resuspension. The casein sol thus prepared is termed 
Lipase Source A. 

B. Three 250-ml. volumes of H.S-treated skimmilk at 3-5° C. were passed 
separately into a Sharples Centrifuge fitted with a clarifier rimg-dam and centri- 
fuged 12.5 min. at 50,000 r.pm. The centrifuge ambient temperature was 
around 28° C. and the whey emitted from the centrifuge at the end of each run 
was 38 + 1° C. The deposited casein gel was scraped from the bowl wall and 
resuspended in 500 ml. of borate buffer in the low-speed blendor. Approxi- 
mately 2 hr. were required for the entire procedure. The casein sol thus pre- 
pared is termed Lipase Source B. 

The borate buffer used in preparing the lipase sources and as the electro- 
phoresis electrolyte was prepared at room temperature in 38-liter lots and stored 
at 3 to 5° C. Each 38-liter lot contained 48.3 g. sodium borate and 3.9 g. boric 
acid, had a pH of 9.0, and a calculated ionic strength of 0.02. 

Nitrogen estimates were made by a micro-Kjeldah] method (2) and converted 
to protein content by the factor 6.25. These protein estimates were obtained 
during the preparation of Source A on the skimmilk and the casein sol. During 
the preparation of Source B protein estimates were obtained on the skimmilk, 
on centrifuged whey both before and after removal of residual casein, and on 
the casein sol before and after dialysis. 

One hundred milliliters of the casein sol in 0.75-in. diameter seamless cellu- 
lose tubing were dialyzed against 20 volumes of borate buffer at 3 to 5° C. for 24 
to 30 hr. prior to electrophoresis. Electrophoretic separations were made in a 
Spinco Model CP Continuous Flow Paper Electrophoresis Cell? in conjunction 
with a Constat Power Supply. Each electrophoretic run followed a general 
procedure which was found to give satisfactory results. The cell was operated 
in the 3 to 5° C. room with the power supply remotely operated at room tem- 
perature. Cell assembly and general operation were according to pertinent 
instructions (17). The cell was fitted with two upper curtains having alternately 
spaced drip tabs. The upper curtains were cut from lower curtains (Spinco 
part No. 400-235). The curtains were washed with electrolyte and let drain 
before positioning in the cell. Reservoir electrolyte was maintained at the 
8-cm. level. After complete assembly, the cell was run 24 to 30 hr. with no 
electrical potential applied across the lower curtain. This period permitted 
equilibration of apparatus temperature, gave sufficient time for adequate 
balancing of lower curtain electrolyte flow, and further washed possible con- 
taminants from the curtains. Subsequently, casein sol was applied at the lower 
curtain sample tab, 4 in. from the cathode side. Sol application was from a 3-em. 
diameter sample vessel elevated at a feed rate duodial setting of 1.0, delivering 
0.3 ml/hr during Trials I and II, and at a setting of 0.5, delivering 0.15 ml/hr 
during Trials III and IV. A 16- to 20-hr. equilibration period followed initial 


* Spinco Division, Beckman Instruments, Ine., Belmont, California. 
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sample application, during which the receding voltage was manually advanced 
until the electrical field became stabilized at 1,000 + 20 V. and 23.5 milliamperes. 
Collection of effluents from the lower curtain drip tabs was begun 3 to 4 hr. 
later and continued until 60 ml. were obtained from each tab. This required 
from 26 to 30 hr. 

After completion of collection, in order to visualize the protein on the 
curtain and hence locate it in the collected effluents, the high-voltage circuit 
was opened and the curtain quickly removed from the cell, tautly suspended 
horizontally over a shallow pan, and dried 30 to 40 min. in a 120-130° C. pre- 
heated oven. The dried curtain was immersed 1 hr. in 1 liter of 0.1% methanolic 
bromphenol blue (Spinco B-4 Dye), followed by a 10-min. immersion in each 
of four 1-liter volumes of 5% acetic acid. Then the curtain was suspended 
vertically, allowed to drain, and dried 15 min. in the oven. The color of the 
dye-binding protein on the curtain was intensified by 15 min. of exposure to 
an ammoniacal atmosphere. 

Assays were made of the lipolytic activity of the original skimmilks, casein 
sols A and B, whey from Souree B preparation, and protein-bearing electro- 
phoresis effluents. Increases in free fat acidity (FFA) were determined by 
the method of Frankel and Tarassuk (7) in a 38% milk fat substrate prepared 
from heavy cream, as described by these authors. The assay procedure follows: 
Six g. of cream were weighed into a clean, dry 50-ml. homogenizer flask fol- 
lowed by the addition of 50 ml. of the sample to be assayed. Four grams of 
skimmilk powder (Super Starlac) were added to the flask just prior to addition 
of sample material in the case of centrifuge whey and electrophoresis effluents. 
This assay mixture was agitated 3 min. with a VirTis ‘‘45’’ Macro Homogenizer ” 
operated at maximum r.p.m. The homogenizer shaft assembly was immersed in 
boiling water 1 min. and dried between agitations. Assay mixtures containing 
skimmilk, casein sol, or centrifuge whey were aged 18 hr. + 5 min., and those 
with electrophoresis effluents 72 hr. + 5 min. Aging was in tightly closed, 6-oz. 
prescription bottles with intermittent agitation. After aging, the assay mixtures 
were agitated 2.5 min. in the homogenizer at maximum r.p.m. During all the 
agitations the assay mixture temperature rose to 38 + 1°C. Within 1 min. 
after this temperature was reached, duplicate determinations for the FFA of 
the assay mixture were begun. 

A standard plate count (SPC) and psychrophilic plate count (PPC) were 
made on each assay mixture on the day aging ended. 


RESULTS AND DISCUSSION 
Acid-coagulated casein is not considered a good source of milk lipase for 
experimental work (8, 9, 10, 19), although it has been reported to have lipase 
and esterase activity comparable to that of the original skimmilk (1). Based 
on increases in FFA per unit total protein, the ratios of original skimmilk 
activity to that of Source A and Source B were 1:0.6 and 1:1.1, respectively. 
These relative lipolytic activities demonstrated by Lipase Sources A and B and 


*VirTis Company, Gardiner, New York. 
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their original skimmilks were approximated from data in Table 1. Source B 
demonstrated nearly twice the activity as that of Source A. Tarassuk and 
Frankel (19) experimented with casein obtained in the same manner as that of 
Source B, and stated that it would constitute suitable starting material for 
purification work with milk lipase. 

A typical curtain pattern (Trial IV) obtained during the separation of 
casein fractions by continuous electrophoresis is shown in Figure 1. Separation 
occurred into three fractions: 1, an ill-defined area of low-mobility components 
and 2 and 3, which were distinct, faster-migrating bands of protein. Fractions 
1, 2, and 3 of this study were considered analogous to the gamma-, beta-, and 
alpha-casein fractions, respectively, obtained by macro-batch electrophoretic 
separation of casein on paper strips (14, 16, 20). Distinct resolution of the 
slower-migrating components was not obtained. This may have been due par- 
tially to an insufficient concentration of these components to permit their 
expression as a distinct band. However, the effluents collected from this area 
carried protein electrophoretically different from that in the faster-migrating 
fractions, as contamination or loss of resolution by tailing of faster-migrating 
components does not occur in continuous electrophoretic separations (4). Even 
though the background electrolyte flow in the electrophoretic curtain was 
carefully balanced for each trial, the curtain protein pattern, with respect to 
band width and position, was peculiar to each trial. The curtain drip tabs 
from which the effluents bearing the separated fractions were collected during 
each trial are given in Table 2. 


TABLE 2 


Effluent drip tabs bearing separated fractions 





Fraction 








Trial ] 2 3 
(Drip tab No.) 
I (3-6) (7-12) (13-22) 
II (3-6) (7-14) (15-24) 
III (4-6) (7-10) (11-16) 
(7-12) (13-22) 


IV (3-6) 


The pre- and post-aging agitations of the assay mixtures gave uniform milk 
fat dispersion prior to FFA determinations. The pre-aging agitation provided 
rapid resuspension of the skimmilk powder which was added to those assay 
mixtures of centrifuge whey or electrophoresis effluents which were low in 
milk solids. The addition of skimmilk powder to more nearly simulate a normal 
milk milieu aided materially in maintaining adequate dispersion of the milk 
fat. Also, the pre-aging agitation combined with its resulting temperature rise 
served as a lipase activation treatment. After the post-aging agitations, it 
usually could be predicted which assay mixtures would show an increase in 
FFA upon actual determination, since these mixtures produced comparatively 


little or no foam. 








2. B—CASEIN 
3, X—CASEIN 








om 23 24 
t4——> MIGRATION DIRECTION——> (+) 


Fig. 1. Typical pattern obtained during continuous paper electrophoretic separation of 


the casein complex. 
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TABLE 3 


Standard plate counts (SPC) and psychrophilic plate counts (PPC) on electrophoresis 
effluent lipase assay mixtures on the last day of aging at 3 to 5° C 


Trial 
Assay I II III IV 
—— Source A Source A Source B Source B 
of e u- - — a a veictienaintl 7 
ent No. SPC PPC SPC PPC SPC PPC SPC PPC 
(Drip tab 
No.) 
} 18ST 13T 27T 51T 
r f 13T °20T 17T 76T 04T 1207 
5 ) ai cos ee oes cae es 18 T 250T 
6 { 230T 56T 3007 20T 7.01 64 7 0.8T o40T 
a - ee - eee 60 7 97 T 0.5T 550T 
8 | a — 690 T 760 T 03T 290T 
9 ) — pen = = 21 7 46 T 0.3T 320T 
10 | aii = 140 T 690 T 127 2007 
| ae meee pare = a 27 *T 2.2T 0.3T 300T 
2 { 707 287 15T 53T i¢ T 1B 1 O4T 600T 
l — — ‘ 170 T 9.4T 1.3T 330T 
IM = _247 56T 4T 3 T er ee 
15 13T °00T 300T °4T 13 T 0.3T 8.1T 370T 
16 j 140 T 7.5T 0.5T 72T 
17 | 13T 33T  700T 19T 30 T 1.1T 04T 1407 
is { 3 T 7.5T 0.2T 78T 
19 | 63T 63T 25T 42T 10 T 100 T 13T 180T 
20 § =. 7? 190 T 10 T 360T 
21 300T 53T 12T 91T 120 T if T 1.5T 140T 
ne 26T 77T 19T  250T 
= t 11M 63T 49T 15T 
«0 
= 12 25T 420T  300T 
29 — a _ aii 
30 481 84 127 217 
31 600T 600T 220T ST 


T = Thousands. 
M = Millions. 


Frankel and Tarassuk (8) present optimum conditions of pH, enzyme and 
substrate concentration, and reaction time and temperature for the hydrolysis 
of milk fat in assaying milk lipase activity. The nature of the electrophoresis 
effluents precluded the establishment of these optima in assaying for lipolytic 
activity. Moreover, since these optima were ascertained using fresh skimmilk 
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TABLE 4 


Increases in free fat acidity effected by continuous paper electrophoresis effluents during 
72 hr. + 5 min. aging at 3 to 5 C. 


Electro 


phoresis Trial 
effluent . 
drip iy ti III* ry" 
tab No. Source - Source B Source B Source B 
1 t 0.0 0.0 
2 j 
3 ( 0.0 0.0 0.0 
4 § 
5 0.0 
6 ( 0.0 0.0 0.0 0.0 
7 0.0 0.0 
8 oe 0.0 0.0 0.0 
9 i] 0.0 0.0 
10 0.0 0.0 0.0 0.0 
mam | 1.2 0.0 
12 0.0 0.0 31 0.0 
13 2.4 0.6 
14 { an ad 0.5 14 
15 0.2 1.4 
16 4} 1.9 os 0.0 0.7 
7 Ff o— 0.0 0.0 
is ff 2.3 1.9 0.0 0.0 
19 | , , 0.0 0.0 
20 | 4 2.3 0.0 0.0 
= 0.0 0.6 00 5.9 
a 0.0 0.0 
25 
26 f 0.0 0.0 
98 0.0 0.0 
29 ) 
30 § 0.0 0.0 
31 
39 0.0 0.0 


“Average of duplicates to nearest tenth. 


or lyophilized skimmilk, i.e., relatively large quantities of enzyme source, they 
may not be directly applicable to enzyme sources such as the electrophoresis 
effluents in this study. In earlier trials, attempts were made to concentrate the 
separate electrophoresis effluents to a protein content comparable to that of 
milk and then establish the known optimum conditions for the assay. Concen- 
tration was done by lyophilization or by evaporation from cellulose tubing in 
a warm air stream. No lipase activity was detected in any of these preparations, 
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perhaps due to the deleterious affect of the prolonged time period and further 
manipulation. In working with the electrophoresis effluents it became apparent 
that maximum activity was retained with minimum delay and treatment. 

The substrate concentration of 4% milk fat was used in conjunction with 
the extraction-titration method for FFA determination (7). Assay mixtures 
were aged at 3 to 5° C. to retard bacterial growth. The aging period was ex- 
tended for the longest practical period of time, to allow sufficient time for the 
expression of any milk lipase present without encountering bacterial lipolysis 
in the assay mixture. Considerable bacterial growth did oceur (Table 3), but 
resulted in no detectable lipolysis. The assay mixtures were mechanically agi- 
tated throughout the aging period in Trial I, but in subsequent trials were 
given only infrequent hand agitation. The lessened agitation caused no detected 
alteration in the lipolytic activity pattern of the electrophoresis effluents. 

Increases in FFA produced in 4% milk fat substrate by the electrophoresis 
effluents are shown in Table 4. In Trials I and II the effluent from each of the 
16 double drip tabs was assayed, while in Trials III and IV only those protein- 
bearing effluents from single drip tabs were assayed. Detectable increases in 
FFA occurred only in those assay mixtures containing electrophoresis effluents 
bearing protein from the most rapidly migrating fraction, which is Fraction 
3 in Figure 1. Patton (15) has suggested that milk lipase activity may be 
inherent in casein per se rather than in some minor contaminant. If the lipo- 
lytie activity dealt with in this study was an enzymatic expression of the casein 
per se, then the question arises as to the reason it apparently was restricted to 
Fraction 3. If Fraction 2 possessed lipolytic activity the available concentration 
was insufficient to catalyze detectable increases in FFA in this study. The 
absence of lipolytic activity in Fraction 1, which is analogous to gamma-casein, 
might be expected, since this fraction is preformed from blood rather than in 
the udder (5). The currently recognized heterogeneity of the alpha-casein 
fraction (5), which is analogous to Fraction 3 of this study, enhances the 
plausibility that it may be the casein fraction which bears lipase, either as a 
capability of the fraction per se or in the form of some minor, perhaps isolable, 
constituent. 
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CHARACTERISTICS OF COMMERCIAL NONFAT DRY MILK FOR 
COTTAGE CHEESE! 


H. E. RANDOLPH anp T. KRISTOFFERSEN 
Department of Dairy Technology, The Ohio State University 
AND 
The Ohio Agricultural Experiment Station 
Columbus 


SUMMARY 


Thirty samples of commercial low-heat nonfat dry milk were subjected to bacterio- 
logical, chemical, and physical tests to determine their uniformity. Cottage Cheese was 
made from 17 of the samples to determine the curd-making properties. 

Results are presented for standard plate, direct microscopic, psychrophilic, and 
coliform counts, titratable acidity, lactic acid, ash, calcium, nitrogen, whey protein 
nitrogen, dispersibility, and rennet curd tension. Powders obtained from different plants 
varied considerably, whereas those received from the same plant over a 4-mo. period were 
relatively uniform. About 90% of the samples contained sweet-curdling organisms which 
were resistant to 80°C. for 10 min. 

Considerable differences were observed in the Cottage Cheese-making properties of 
the reconstituted milks. There was no apparent relationship between curd quality and 
cooking time, or between any of the bacteriological, chemical, and physical properties 
and the curd-making characteristics of the powders. 

Cutting the curd at lower than normal titratable whey acidities resulted in a marked 
reduction in the time required for cooking the cheese. This was done without any 
impairment to curd quality of nonfat dry milks containing relatively low whey protein 
nitrogen, and low rennet curd tension values. 





At frequent but irregular intervals, difficulties are encountered in the manu- 
facture of Cottage Cheese from low-heat nonfat dry milk which results in pro- 
longed cooking periods and in curd of inferior quality (7, 17, 20, 21, 23, 24). 
The persistence of such difficulties during the years that low-heat nonfat powders 
have been proposed as the sole source of solids for Cottage Cheese undoubtedly 
has contributed to a decrease in the popularity of such powders for this purpose 
(20). Various attempts (7, 8) have been made to develop a simple and rapid 
test to predetermine accurately the suitability of powder for Cottage Cheese. 
However, application of such tests to correlate processing treatments with curd- 
making characteristics has not always succeeded. Very little attention has been 
given to the bacteriological quality or the chemical composition of a powder 
as related to its curd-making properties. Either one or both of these charac- 
teristics could play an important role. 

The purposes of the present investigation were: (a) to obtain detailed 
information concerning the bacteriological, chemical, and physical character- 
istics of commercial nonfat milk powders supplied for Cottage Cheese manu- 


Received for publication September 24, 1960. 


1 Technical article 16: 60. The Department of Dairy Technology. Journal article 75-60, 
The Ohio Agricultural Experiment Station. Supported in part by Hatch Funds through the 
Ohio Agricultural Experiment Station and by the Ohio Dairy Products Research Fund. 
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facture; (b) to relate these characteristics to the curd-making properties of 
the reconstituted milks; and (c) to determine the effect of cutting acidity on 
the curd-making properties of such milks. 


EXPERIMENTAL PPROCEDURES 

Selection of powders. The study involved two phases: (a) the examination 
of powders from different plants and (b) several powders from individual plants. 
For the first phase, one 50- or 100-lb. sample of low-heat nonfat powder was 
obtained from each of 18 commercial plants selected arbitrarily from nine of 
the leading nonfat dry milk producing states (22). These included five plants 
in Wisconsin, three in Ohio, three in Minnesota, two in Iowa, and one each in 
Idabo, Michigan, Missouri, New York, and Pennsylvania. For the second phase, 
three additional samples were obtained at monthly intervals from four of these 
plants located in different states (Wisconsin, Ohio, Minnesota, and Iowa). The 
powders were stored at 50° F. during the investigation (6 mo.). 

Bacteriological quality tests. The powders were examined for total bacterial 
count, coliform type organisms, psychrophilic bacteria, and direct microscopic 
count according to standard methods (5). Levowitz and Weber’s (14) single- 
solution stain was employed for the direct microscopic count. Titratable acidity 
was determined on 10% reconstituted milk with N/10 NaOH and phenolphtha- 
lein indicator. Lactic acid measurements were made according to the Ling 
method (15) as modified by Cope and Choi (6). 

“The starter activity test of Horrall and Elliker was employed for detection 
of inhibitory substances (13). The rate of acid development of a fresh commer- 
cial starter in reconstituted milks of the commercial powders was compared with 
the activity of the starter in a sterile reconstituted milk known to be free of 
inhibitory substances. The presence of sweet-curdling microorganisms was de- 
tected by incubating 9 ml. of milk containing 10% solids (reconstituted in 
sterile water) for up to 24 hr. at 30° C. Observations for coagulation were made 
at 2-hr. intervals. Following coagulation, the milks were titrated with N/10 
NaOH, with the titer serving as an arbitrary criterion for sweet curdling (coagu- 
lation at < 0.50% acid). The coagulated samples were examined microscopically 
to determine the morphological characteristics of the microorganisms. 

Chemical and physical methods. Ash was determined according to official 
procedures (4). Calcium was determined according to Reisfeld’s modification 
of the Murexide method (19), and total nitrogen according to the Parnas 
method (18). The protein content was calculated from the nitrogen values, 
using the conversion factor of 6.38. Undenatured whey protein nitrogen was 
measured according to a modified Harland and Ashworth method (3). The 
relative dispersibility of the powders was determined by the centrifugal method 
of Gould and Bassett (11), which indicates both the wettability and the solu- 
bility of a milk powder. 

Rennet curd tension was determined by the method of Emmons et al. (8), 
except that a submarine signal curd Tension Meter (Model 1935) was used. 
Acid-rennet curd tension values were obtained by a procedure simulating 
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Cottage Cheese-making conditions. The powders were reconstituted to 11.0% 
total solids in sterile water. Six hundred milliliters of reconstitute was prepared 
from each powder and divided equally between three 250-ml. beakers. The milk 
was adjusted to 90° F. and inoculated with 5% lactic starter. Following 
incubation at 90° F. for 1.5 hr., rennet was added at the rate of 1 ml. per 1,000 
lb. of milk. Incubation was then continued until coagulation occurred. Curd 
tension measurements were made at 15, 45, and 75 min. following visible 
coagulation. 

Cottage Cheese-making. Cottage Cheese was made in six 55-lb. capacity 
stainless steel vats constructed to provide optimum control and uniformity. 
The powders were reconstituted to 11.0% solids and the conventional short-set 
procedure as outlined by Remaley (20) was followed. Cooking of the curd 
was controlled with the Lundstedt curd meter (16). A reading of from nine to 
11 was considered to indicate sufficiently firm curd. No cheese was cooked for 
more than 3 hr., as cooking beyond this time was considered commercially un- 
acceptable. The finished curd was evaluated, according to A.D.S.A. standards 
(4), for body and texture and appearance by a panel consisting of three compe- 
tent judges. 

RESULTS AND DISCUSSION 

Bacteriological and general quality characteristics. Summary results for the 

30 samples are presented in Table 1. Bacteriologically, the majority of the 








TABLE 1 
Bacteriological properties of commercial low-heat nonfat powders 
Range Average 

Standard plate count* 15T.-75T. 39T. 
Direct microscopic count” 2Y8M.-53M. 41M. 
Coliform count/milliliter <1-2 at | 
Psyehrophilic count/milliliter <1-6 <i 
Titratable acidity (%) 0.13-0.15 0.142 
Lactic acid (% dry basis) 0.019-0.098 0.040 
Starter activity (% relative acidity) 73.9-95.2 87.1 
Sweet curdling “ * 

A. Hours for coagulation 12-20 415 

B. Acidity at coagulation 0.125-0.68 0.26 





* Thousand/gram. 

» Million/gram. 

* Ineubation temperature 30° C. 

“One sample did not coagulate in 24 hr. 


samples were of Extra Grade according to American Dry Milk Institute Stand- 
ards (2). Also, the relatively low titratable acidity and lactic acid values would 
indicate that milk of good bacteriological quality was used in the manufacture 
of the powders. The starter activity test revealed the powders to be free from 
inhibitory substances. The observed variations in ability to support the growth 
of lactic starters may be accepted as normal due to differences in contents of 
growth-promoting substances of the milks. 

With respect to sweet curdling, the majority of the milks coagulated after 
12 to 18 hr. of incubation and only one failed to coagulate after 24 hr. At the 
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time of coagulation, titratable acidity values ranged from 0.12 to 0.68%. The 
majority of the samples contained less than 0.50% acid, which would indicate 
the presence of high numbers of sweet-curdling microorganisms. Only two 
samples contained sufficient acid (0.58 and 0.68%) to have caused coagulation. 
Microscopic examinations revealed that large rod-shaped organisms were asso- 
ciated with milks coagulating at acidities below 0.20%, whereas short- and 
medium-chain coeei predominated when coagulation was at acidities above 0.35%. 
Mixtures of large rods and short-chain cocci were present in milk coagulating at 
acidities between 0.206 and 0.35%. 

The microscopic examinations indicated that the large rods were spore- 
forming varieties. This observation was supported by selecting powders con- 
taining a predominance of rod-shaped bacteria and heating the reconstituted 
milks at 80° C. for 10 min., followed by cooling and incubation at 30° C. All 
but one of these milks coagulated within 24 hr. with little or no acid develop- 
ment and contained large numbers of rod-shaped bacteria. 

Chemical and physical characteristics. Summary results for the 30 powders 
are presented in Table 2. Variations observed in the ash, calcium, and nitrogen 


TABLE 2 


Chemical and physical properties of commercial low-heat nonfat powders 





Characteristics Range Average 

Ash (%) 7.57— 8.25 7.87 
Caleium (%) 1.21— 1.42 1.30 
Nitrogen (%) . 5.18— 5.82 5.49 
Protein (%)* 33.05-37.13 35.03 
Whey protein nitrogen” 2.52-— 7.05 6.11 
Dispersibility 

A. Solubility © 0.00-16.63 1.78 

B. Wettability * 0.00— 8.90 7 
Rennet curd tension (g.) 0.00-84.0 50.0 


* Nitrogen X 6.38. 

" Milligrams of whey protein nitrogen per gram of nonfat solids. 

° Per cent increase in the total solids content of the bottom 25% of the centrifuge | sample 
over the control. 

“Grams of unstrainable material. 


contents of these samples may be explained by the normal compositional dif- 
ferences of milk. The values obtained are in agreement with previously reported 
results (2, 20). Undenatured whey protein, rennet curd tension, and dispersi- 
bility values, which to some degree reflect the intensity of the total heat treat- 
ment of the powders, indicated considerable variations in processing conditions. 

Nine powders ranging in rennet curd tension values from 6 to 84 g. were 
selected for acid-rennet curd tension measurements. The results in Table 3, 
arranged in increasing order of rennet curd tension values, indicate acid-rennet 
eurd tension values ranging from 0 to 22 g., 28 to 105 g., and 71 to 170 g. at the 
three periods of examination, respectively. The rate of increase in curd tension 
values with increasing incubation time varied for the different samples. Some 
milks showed the greatest increase between 15 and 45 min. of ineubation (Sam- 








The 
cate 
two 
ion. 
ISSO- 
and 
2%. 


y at 


ore- 
0n- 
ited 
All 
lop- 


lers 


gen 


NONFAT DRY MILK FOR COTTAGE CHEESE 837 


ples 3, 4, 6, 8) and others between 45 and 75 min. The acid-rennet curd tension 
values were not related to titratable acidity of the whey and, except for Sample 
1, did not relate directly to the rennet curd tension values. 

Uniformity of low-heat nonfat dry milk from individual manufacturers. The 
results for the powders obtained over a 4-mo. period from four individual 
plants are summarized in Table 4. These powders were quite uniform with 
respect to direct microscopic count, coliform count, and titratable acidity within 
each plant. However, differences in excess of 100% were noted in the standard 
plate counts of the four powders from a plant. This was of particular sig- 
nificance for Plants 3 and 4, since the number of bacteria per gram for two 
powders was sufficiently high (68,000 and 75,000) to cause degrading of the 
samples from Extra Grade to Standard Grade according to American Dry Milk 
Institute Standards (1). The lactic acid contents of the powders from Plants 
1, 2, and 3 varied considerably, whereas those of the powders from Plant 4 
were very uniform. 


TABLE 3 


Relationship of rennet curd tension values to acid-rennet curd tension values in selected samples 
of commercial nonfat powders 


Acid-rennet curd tension 














Rennet 15 min." 45 min." 75 min." 
Sample curd . ———— — —_— —_—. ee — 
No. tension g. TA g. TA g. TA 
(g.) 
] 6 0 46 28 49 71 54 
2 44 2 45 60 .48 149 55 
3 47 12 49 105 51 125 54 
¢ 55 6 49 66 OZ 116 4 
5 57 22 43 77 49 165 54 
6 66 1] 46 95 48 132 4 
7 69 9 45 66 50 170 aay) 
S 78 11 50 100 51 132 53 
9 84 10 46 60 49 154 56 


“Minutes after the first visible coagulation. 
> Per cent titratable whey acidity. 


All powders contained sweet-curdling microorganisms. On a plant basis, 
small variations were apparent in the coagulation times and the titratable 
acidities of the reconstituted milks. The acidities of 0.12 to 0.13% observed in 
the coagulated milks of powders from Plant 2 represented a decrease of 0.01 
to 0.02% from the original values. 

Powders from individual plants did not vary greatly in ash, calcium, nitro- 
gen, and undenatured whey protein contents. The differences were not greater 
than what may be expected due to natural variations in the milk supply. Simi- 
larly, dispersibility values were fairly uniform from month to month. Significant 
variations were observed in rennet curd tension values of the powders from 
three of the plants (Plants 1, 2, and 4). 

Cottage Cheese-making properties of commercial low-heat nonfat dry milk. 
Seventeen powders representing a wide range of whey protein nitrogen and 
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rennet curd tension values were selected for Cottage Cheese-making. The results 
in Table 5 are arranged in decreasing order of whey protein nitrogen values. 

The cooking times required for the various curds, which included come-up 
time to 120° F. (75 min.) and subsequent holding at this temperature, ranged 
from 80 min. to 3 hr., with 14 of the samples requiring 2 hr. or longer. The 
body and texture scores of the curds ranged from 34.5 to 31.0 (Excellent to 
Poor). Twelve of the samples received scores of 32.5 or better (Excellent to 
Good). The most common defects were grainy and mealy. Scores for appear- 
ance ranged from 14.5 to 12.5 (Excellent to Fair), with the majority of the 
samples ranging from 14 to 13 (Good). Most of the curds were criticized for 
lacking uniformity. There was no apparent relationship between cooking time 
and curd quality. 

Comparisons between the curd-making properties of the powders and the 
various bacteriological, chemical, and physical characteristics revealed a lack 
of definite relationships. General relationships were observed between whey 
protein and rennet curd tension values, and cooking time and curd quality. 
Powders with relatively high values for whey protein nitrogen and rennet curd 
tension usually required a shorter cooking time and resulted in better quality 
curd than powders with low whey protein nitrogen and rennet curd tension 
values. However, marked exceptions to this general trend were noted. For 
example, Powder 7 (Table 5) contained relatively high whey protein nitrogen 
and rennet curd tension values, but yielded a curd which required an ex- 
cessively long cooking time (3 hr.). On the other hand, Powder 15 contained 
relatively low whey protein nitrogen and rennet curd tension values and resulted 
in a curd which firmed comparatively rapidly (2 hr.). 

Effect of cutting acidity on curd-making properties of low-heat nonfat 
powders. With regular skimmilk, cutting the coagulum at a low whey acidity 
(0.40 to 0.45%) results in curd which firms quickly during cooking but which 
is of a tough, firm character. Since a major criticism of Cottage Cheese made 
from much commercial low-heat powder is the excessively long period required 
for firming the curd, an experiment was designed to study the effect of whey 
acidity at cutting on the resulting curd quality. Powders with relatively low 
and high whey protein nitrogen and rennet curd tension values were selected 
for this purpose. The cheese was manufactured according to the standard pro- 
cedure, except that the curd was cut at titratable whey acidities ranging from 
0.40 to 0.65%. 

Typical results in Table 6 for selected powders reveal a direct relationship 
between the acidity of the whey at cutting and the time required for cooking 
the curd. With powders of low whey protein nitrogen and rennet curd tension 
values a decrease in cutting acidity from 0.56 to 0.40% resulted in a reduction 
of the cooking period from approximately 3 hr. to 1.5 hr. The attainment of a 
close to normal cooking period by cutting at lower whey acidities was accom- 
plished without a decrease in curd quality. 

Curd from powder of high whey protein and rennet curd tension values 
should be cut at recommended acidities. Although cutting at lower acidity will 
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result in a reduced cooking period, the finished curd will be too firm or tough 

to be acceptable. Actually, the results with such powders indicated that cutting 

at slightly higher than normal acidity resulted in finished curds of somewhat 
better quality than did cutting at the generally recommended acidity. 

These results indicate it would be advisable to supplement, or perhaps even 
supplant, whey protein nitrogen and rennet curd tension measurements with 
pilot manufacture of Cottage Cheese to assess the suitability of a powder for 
Cottage Cheese, Stone et al. (21) first recommended this approach. However, 
their objective was to establish if a powder was suitable according to recom- 
mended Cottage Cheese manufacturing procedures. These recommendations estab- 
lish conditions under which a powder has optimum Cottage Cheese curd-making 
properties. The results obtained in this study would indicate that most, and 
perhaps all, commercial low-heat nonfat powders are suitable for Cottage Cheese, 
provided the curd is cut at the proper acidity. 

Emmons et al. (9, 10) found a relationship between the heat treatment 
given plain or condensed skimmilk and the whey acidity at cutting of Cottage 
Cheese curd manufactured from these products. The A-C test was developed 
as a result of these observations. It is doubtful that irregularities in commercial 
low-heat nonfat powders for Cottage Cheese are due entirely to their processing 
heat treatments. However, there is a similarity between the findings of Emmons 
et al. (8) and those of the present study on the relationship of the whey acidity 
at cutting and the length of the cooking time and the curd quality. This suggests 
that the A-C test may be suitable for the rapid and simple assessment of the 
optimum cutting acidity of Cottage Cheese ¢urd manufactured from low-heat 
nonfat powders. 

REFERENCES 

(1) AmericAN Dairy Scrence Association. Seore Card and Guide for Cottage Cheese. 
J. Dairy Sei., 41: 214. 1958. 

(2) American Dry Mik Instirure, Inc. The Grading of Nonfat Dry Milk Solids and 
Sanitary and Quality Standards. Bull. 911 (rev.). 1954. 

(3) American Dry MiLk Institute, Inc. The Turbidimetric Estimation of Undenatured 
Serum Proteins in Nonfat Dry Milk. Unpublished release. 1957. 

(4) AmeRicAN PusLic HEALTH AssocIaATION. Standard Methods for the Examination of 

Dairy Products. 10th ed. 1953. 
ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS. Official Methods of Analysis. 

8th ed., p. 267. Washington, D.C. 1955. 

(6) Cops, B., AND CuHor, R. P. Adaptation of the Ling Method for the Determination of 
Laetie Acid in Nonfat Dry Milk. American Dry Milk Institute, Ine. Unpublished 
release. 1957. 

(7) Couursr, 8S. T., JENNESS, R., AND HARLAND, H. The Manufacture of Low-Heat Nonfat 
Milk Solids. J. Dairy Sei., 37: 476. 1954. 

(8) Emmons, D. B., MerRILL, D. W., Swanson, A. M., AND PricE, W. V. Tests Currently 
Being Investigated in Research on the Evaluation of Nonfat Dry Milk Solids for 
Cottage Cheese Manufacture. University of Wisconsin. Unpublished. 1954. 

(9) Emmons, D. B., Prics, W. V., Aanp Swanson, A. M. The A-C Test. Cire. 541, Uni- 
versity of Wisconsin Ext. Service. 7 pp. 1957. 

(10) Emmons, D. B., Swanson, A. M., AND Price, W. V. Effects of Skimmilk Heat Treat- 
ments on Cottage Cheese Manufacture. J. Dairy Sci., 42: 1020. 1959. 


oS 


a 
i 
3 
3 
i 
? 








Witton. ave 


(19) 


(20) 


NONFAT DRY MILK FOR COTTAGE CHEESE 843 


GouLp, I. A., AND Basserr, H. J. Effect of Variations in the Composition of Milk 
with Special Reference to Fat on the Dispersibility of Dehydrated Milk. Rept. No. 
12 for the Quartermaster Corps. 1953. 

HarkLAND, H. A., anp AsHwortrH, U. S. A Rapid Method for Estimation of Whey 
Proteins as an Indication of Baking Quality of Nonfat Dry Milk Solids. Food 
Research, 12: 247. 1947. 

Horrauu, B. E., AND ELLiIKer, R. P. An Activity Test for Cheddar and Cottage Cheese 
Starters. J. Dairy Sei., 33: 245. 1950. 

Levowirz, D., AND Weper, M. An Effective ‘‘Single Solution Stain.’’ J. Milk and 
Food Technol., 19(5): 121. 1956. 

Line, E. R. The Determination of Lactic Acid in Milk. J. Sei. Agr., 2: 279. 1951. 

LuNpbstept, E. New Curd Meter Takes Guess Work Out of Cheesemaking. Food Eng., 
27(11): 97. 1955. 

Morris, H. A., Couurer, 8S. T., Comps, W. B., AnD HetnzeL, L. R. Estimation of the 
Serum Protein Content as a Method for Evaluating Nonfat Dry Milk Solids for 
Use in Cottage Cheese Manufacture. J. Dairy Sei., 34: 487. 1951. 

Parnas, J. K. The Kjeldahl Method for Determining Nitrogen by the Method of 
Parnas and Wagner. Anal. Chem., 114: 261. 1938. 

REISFELD, R. A.. A Study of the Calcium-Binding Properties of Whole Casein, a-Casein, 
and §-Casein. Ph.D. thesis, Ohio State University. 1957. 

ReMALEY, R. J. The Use of Nonfat Dry Milk in Making Cottage Cheese. Milk Ind. 
Foundation Conv. Proc. Plant Sect. p. 19. 1957. 

Strong, W. K., Large, P. M., Anp Grar, G. C. Determination of the Curd Making 
Quality of Nonfat Dry Milk. J. Dairy Sci., 43: 48. 1960. 

U. S. Depr. or Acer. Report. Nonfat Dry Milk Solids Production. 1956. Dairy Products 
Data Sheet. Olsen Publishing Co., Milwaukee, Wisconsin. 

Wuiraker, R. The Selection and Use of Nonfat Dry Milk Solids in the Manufacture 
of Cottage Cheese. J. Dairy Sci., 39: 231. 1956. 

WiLKowskg, H. H. Relationship Between Titratable Acidity and pH During Lactic 
Acid Fermentation in Reeeastituted Nonfat Milk. J. Dairy Sei., 37: 22. 1954. 





EFFECT OF PEPTIDE-RICH EXTRACTS ON ACID PRODUCTION BY 
OXYTETRACYCLINE- AND PENICILLIN-RESISTANT STARTERS * 


H. E. KENNEDY?’ 


Department of Dairy Technology, Ohio State University, Columbus 


SUMMARY 
The effect of peptide-rich extracts, including pancreas extract, yeast extract, liver 
fraction L, tryptone, tryptose, neopeptone, casein hydrolysate, milk protein hydrolysate, 
and peptonized milk, on the acid production of oxytetracycline-sensitive and —resistant 
counterparts of Streptococcus lactis (10D) in skimmilk was determined. Additions of 
0.5% of each stimulant enabled the resistant culture to produce acid in 8 hr., in concen- 
trations equal to or in excess of that of the sensitive culture. The additives did not enable 
the sensitive culture to produce acid in the presence of the antibiotic. 
The effect of panereas extract on acid production by penicillin-sensitive and 
resistant counterparts of five strains of S. lactis and two strains of Streptococcus 
cremoris was determined. Six of the seven penicillin-resistant cultures, supplemented 
with pancreas extract, produced acid in 8 hr. equal to or in excess of that developed by 
the parent strains. The panereas extract did not enable the sensitive parent counter- 
parts of these cultures to produce acid in the presence of low levels of penicillin. 
Likewise, the resistant cultures were unable to develop normal acid after supplementing 
with pancreas extract, if a level of penicillin was added in excess of the level tolerated 
by these cultures. 


The use of antibiotic-resistant starter cultures to counteract the effect of 
antibiotic residues in milk generally has not proved successful, because such 
cultures do not produce acid at a rate or in quantities suitable for manufac- 
turing purposes (2, 4. 5, 8). The decreased acid production by antibiotic-re- 
sistant cultures may be a result of specific differences in metabolic activities 
reported to exist between resistant and sensitive counterparts of lactic acid 
bacteria (2, 7, 11, 12, 13). 

Several investigators have related slow acid production in milk to inability 
of the starter microorganisms to utilize protein (1, 3, 15). Addition to milk of 
numerous biological extracts has been reported to overcome this deficiency (1, 
3, 6, 9, 15). The stimulatory action of certain of these materials has been at- 
tributed to their peptide content (1, 3, 10). Angelotti (2) reported that the 
addition of casein hydrolysate and yeast extract to milk improved acid pro- 
duction by the oxytetracycline-resistant form of Streptococcus lactis (10D). 

The purpose of the present study was to investigate the effect of certain 
peptide-rich extracts on antibiotic-resistant and -sensitive single strain cul- 
tures in milk with or without antibiotics added. 
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ACID PRODUCTION BY ANTIBIOTIC-RESISTANT STARTERS 


MATERIALS AND METHODS 

The cultures used were the oxytetracycline *-susceptible and _ -resistant 
counterparts of S. lactis (10D), and the penicillin-sensitive and -resistant 
counterparts of Streptococcus cremoris (Strains 806 and US3) and S. lactis 

Strains 924, 10D, C10, F1K, and T13b). These cultures were studied in sterile 

skimmilk (10% reconstituted of nonfat dry milk) which was free of inhibitory 
substances (Matrix*). Daily transfers were made using 1% inoculum, and 
incubation was for approximately 16 hr. at 30°C. Penicillin- and oxytetra- 
eycline-resistant cultures were carried in the presence of 0.5 unit penicillin 
milliliter and 100 yg. oxytetracycline/milliliter, respectively. 

The nutritional supplements studied included pancreas extract, liver frac- 
tion L, yeast extract, tryptone, tryptose, neopeptone, casein hydrolysate, milk 
protein hydrolysate, and peptonized milk. These nutrients were added as sterile 
aqueous solutions in concentrations of 0.1, 0.5, and 1.0% to the skimmilk 
medium. The antibiotics, oxytetracyeline or penicillin, were added as aqueous 
solutions also. Constant volumes were maintained by the addition of small 
quantities of sterile distilled water. 

Inoculations were made using 5% of fresh 14- to 16-hr.-old cultures and 


‘ 


incubation was at 30° C. Titratable acidity determinations were made imme- 
diately after inoculation (0 hr.) and after appropriate incubation intervals 
4, 8, 12, and 24 hr.). The results were expressed as per cent developed acidity, 
which consisted of the difference between the original titratable acidity and the 
acidity at a given incubation time. 


RESULTS 

Effect of additives on oxytetracycline-sensitive and -resistant counterparts 
of S. lactis (10D). For the first phase of the study, the effect of pancreas ex- 
tract on the rate and total acid production by the oxytetracycline-sensitive and 
-resistant counterparts of S. lactis (10D), was determined over a 24-hr. incu- 
bation period. The curves in Figure 1 illustrate that the sensitive and’ resistant 
cultures were stimulated by pancreas extract; however, the degree of relative 
stimulation was greater for the resistant form. Maximum stimulation for the 
sensitive culture was obtained with 0.1% pancreas extract, whereas 0.5% gave 
highest acidity values for the resistant strain. Comparison of the curves which 
represent acid production by the resistant culture supplemented with 0.5% 
pancreas extract and by the sensitive control culture, reveals that the rate of 
acid production by the resistant culture was stimulated to such an extent that 
after 8 hr. of incubation it had developed acidity equal to that produced by 
the sensitive control, i.¢., 0.47% developed acidity. This value is appreciably 
higher than that for the resistant control, which was 0.23%. The pancreas 
extract had a greater effect on the rate than on total acid production. 

For the second phase of the study, the effect of the other peptide-rich 
extracts on acid production by oxytetracycline-sensitive and -resistant S. lactis 
(10D) within an 8-hr. incubation period was determined. The additives may 


*Galloway-West Co., Chicago. 
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Sensitive + 0.1% 
pancreas extract 
Sensitive control 


Sensitive + 0.5% 
@ pancreas extract 








Resistant control 








Hours incubation 


Fig. 1. The effect of pancreas extract on acid production by oxytetracycline-resistant 


Streptococcus lactis (10D). 


be grouped generally into three categories, i.e., water-soluble portions of glandu- 
lar or yeast proteins, peptides obtained by digestion of casein or other proteins, 
and enzymatic digest of whole milk proteins. Generally, the lowest concentra- 
tion (0.1% ) effected somewhat less stimulation than the higher dosages, although 
little difference was observed between the results obtained with 0.5 and 1.0% 
of the additives. Table 1 contains data representative of average developed 
acidity values obtained with the supplements at the 0.5% concentration. These 
data reveal differences in acid production by the unsupplemented sensitive and 
resistant control cultures and the effectiveness of each of the stimulants on acid 


TABLE 1 


Effect of 0.5% peptide-rich extracts on acid production by oxytetracycline-sensitive and 
-resistant Streptococcus lactis (10D) 


Per cent developed titratable acidity * 


Sensitive Resistant 
Per cent Per cent 
Additive Control Additive increase Control Additive increase 
Glandular or yeast proteins 
Pancreas extract 41 54 32 22 48 129 
Liver fraction L 42 03 28 23 45 96 
Yeast extract 42 54 29 23 46 100 
Digested casein or other proteins 
Tryptone 40 .50 25 .26 48 85 
Tryptose Al 53 29 26 42 62 
Neopeptone 40 49 23 26 46 73 
Casein hydrolysate 39 51 31 23 46 100 
Digested whole milk proteins 
Milk protein hydrolysate .39 50 28 24 53 121 
Peptonized milk 39 46 18 24 40 67 


“ Average values for four trials. 
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production by both of these culture counterparts. Acid production by the re- 
sistant culture supplemented with 0.5% additives reached a level equal to or in 
excess of that of the sensitive controls. The range of percentage increase over 
the controls by the resistant culture was from 67 to 129%, whereas the increase 
by the sensitive culture was only from 18 to 32%. 

Effect of additives in the presence of oxytetracycline on acid production by 
oxrytetracycline-sensitive and -resistant counterparts of S. lactis (10D). The 
effect of the additives on acid production by both the sensitive and resistant 
cultures in the presence of 5 yg. oxytetracycline/milliliter was investigated. 
For this purpose, determinations were made in milk supplemented with either 
0.5% additive, 5 wg. oxytetracycline/milliliter, or 0.5% additive plus 5 zg. 
oxytetracycline/milliliter. The data in Table 2 illustrate that acid production 


TABLE 2 


Effect of 0.5% nutritional supplements in milk on acid production by oxytetracycline-sensitive 
and -resistant Streptococcus lactis (10D) in the presence of 5 ug/ml oxytetracycline 


Per cent developed titratable acidity * 











Sensitive Resistant 
Addi- Addi- 
Con- Addi- tive Con- Addi- tive 
Additive trol tive 0.T” +0.T. trol tive Or. +Om 
Glandular or yeast proteins 
Pancreas extract .38 7 .02 .02 20 48 .20 A7 
Liver fraction L 38 51 .03 .05 21 43 21 46 
Yeast extract 38 55 .03 .06 21 45 21 45 
Digested casein or other proteins 
Tryptone 41 51 .03 .05 31 50 33 48 
Tryptose 41 03 .03 .05 1 46 33 46 
Neopeptone 41 48 .03 .03 ol 49 33 45 
Casein hydrolysate .38 53 .03 .06 21 46 21 44 
Digested whole milk proteins 
Milk protein ‘ 
hydrolysate 41 50 .03 05 31 .62 33 53 
Peptonized milk 41 46 03 .04 a 40 «BB 46 ? 


“ Average values for two trials. 
» Oxytetracyeline (5 ug/ml). 


by the sensitive culture was inhibited by oxytetracycline, regardless of the 
presence of the nutritional additives; whereas, the acidity of the supplemented 
resistant culture was increased beyond its control and to levels equal to or in 
excess of the sensitive controls. The results for all additives may be represented 
by values for pancreas extract, which show that 0.5% of this material increased 
the acidity of the sensitive culture from 0.38 to 0.57% ; however, upon addition 
of 5 pg. oxytetracycline/milliliter, the developed acidity was only 0.02%. The 
resistant culture supplemented with pancreas extract had a developed acidity 
value of 0.48%, compared with its control value of 0.20%. In the presence of 
pancreas extract and oxytetracycline, the resistant culture produced 0.47% 


acidity. 
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Effect of pancreas extract on penicillin-sensitive and -resistant counterparts 
of 8. lactis and 8. cremoris. The effect of 0.5% pancreas extract plus 0.5 unit 
penicillin/milliliter milk on acid production by the penicillin-sensitive and 
-resistant counterparts (8) of five strains of S. lactis and two strains of S. 
cremoris was determined. Similarly, the effect of 0.5% pancreas extract in the 
presence of 1.0 unit penicillin/milliliter milk on acid production by only the 
resistant counterpart of each culture was studied. One unit of penicillin/milli- 
liter was a level twice as great as that to which these cultures were adapted. 
Developed acidity values, measured after 8 and 24 hr. of incubation, are pre- 
sented in Table 3. The pancreas extract did not counteract the effect of peni- 


TABLE 3 


Effect of pancreas extract on acid production by penicillin-sensitive and -resistant 
starter cultures 





Per cent developed titratable acidity * 


Sensitive Resistant 
0.5% 
Hours p.e. 
Strain ineu- 0.5% p.e.” 0.5% p.e. 1.0 U. 
Cultures No. bation Control 0.5 U. pen. Control 0.5 U. pen. pen. 
Streptococcus lactis (924) 8 41 10 19 43 28 
24 57 29 40 55 46 
(10D) 8 11 .07 16 46 16 
24 .36 PY | 44 03 44 
(C10 8 38 .25 25 46 B74 
24 .60 .30 42 00 43 
(FIK 8 18 .O7 8 50 19 
24 40 oo 2 48 oo 
(T13b) 8 16 .24 27 48 42 
24 42 .38 41 52 41 
Streptococcus cremoris (806 8 45 12 15 48 15 
24 58 30 48 54 39 
(USs 8 59 10 25 29 16 
24 8 28 43 45 BF 


‘ Average values for two to three trials. 
» Pancreas extract (0.5%) and penicillin (0.5 unit or 1.0 unit/milliliter milk). 


cillin on the sensitive cultures, but the resistant cultures were appreciably 
stimulated by pancreas extract in the presence of 0.5 unit penicillin/milliliter. 
For example, after 8 hr. of incubation, the sensitive culture, S. lactis (C10), 
developed 0.38% acidity; however, this culture supplemented with pancreas 
extract and penicillin developed only 0.25%. The values after 24 hr. of ineu- 
bation were 0.60 and 0.30%, respectively. The developed acidity of the resistant 
S. lactis (C10), for example, was only 0.25% after 8 hr., but pancreas extract 
stimulated the acid production to a value of 0.46%. The resistant cultures 
except US;), supplemented with 0.5% pancreas extract and 0.5 unit penicillin/ 
milliliter, produced acidity equal to or in excess of that produced by their 
parent sensitive controls within 8 hr. of incubation. 





fas) eh aCe Ben, ate 








ACID PRODUCTION BY ANTIBIOTIC-RESISTANT STARTERS 849 
rts : After 8 hr. the supplemented culture, 8. lactis (T13b), in the presence of 
= i 1.0 unit penicillin/milliliter, produced 0.42% acidity compared to 0.27% for 
nd | the control (Table 3). After 24 hr. there was no difference between the results 
S. obtained in supplemented and control milk. The remaining six cultures were 
he inhibited by 1.0 unit penicillin, regardless of the addition of pancreas extract. 
he Thus, in most cases partial penicillin resistance did not complement pancreas 
e extract in overcoming the inhibitory effect of increased penicillin dosages. 
ne 
re- DISCUSSION 
ni- The results reported show that, by the addition of peptide-rich extracts, 


acid production by antibiotic resistant starter cultures may be stimulated to a 
level equal to that of their sensitive counterparts. Slow acid production by 
antibiotie-resistant lactic streptococci would appear to be due to an altered 

—e capacity of these bacteria to utilize the carbohydrates in milk. Indeed, the 
effect of antibiotic resistance on carbohydrate utilization by lactic streptococci 
has been well demonstrated (11). However, the necessity of a suitable nitrogen 

c source for microorganisms to conduct fermentative activities under normal 

a conditions is generally recognized. 

. The stimulatory properties of various extracts of plant and animal origin 
are attributed to their content of certain peptides, which are readily available 
for utilization by bacteria. Furthermore, it has been observed (14) that slower- 
growing cultures responded to more peptides in various extracts than did 
faster-growing strains; however, all extracts contained certain common stimu- 
latory factors. Presumably, the same situation exists for the antibiotic-resistant 
counterparts of sensitive cultures. Previous investigators (2, 3) have sug- 
gested that increased acid production by peptide supplements may be a result 
of enhanced enzyme formation. 

All stimulants employed in the present study were partially digested pro- 
teins and all of them had similar effects on acid production. These facts sug- 
gest that the reduced ability for acid production by oxytetracycline- or peni- 
cillin-resistant cultures may be associated with a change in ability to utilize 
protein, as indicated by a more specific requirement for available nitrogen. 
That is, the resistant cultures may have developed a dependence on specific 
nitrogen sources in order to synthesize the necessary materials for carbohydrate 


Vv utilization. This view appears valid as the resistant forms of the cultures re- 
r. sponded to stimulants which were inactive for the antibiotic-sensitive counter- 
a parts. 
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COMPARISON OF FLAVOR AND SOME CHEMICAL PROPERTIES OF 
INSTANTIZED AND NONINSTANTIZED NONFAT DRY MILK 


J. B. MANN anv J. M. McINTIRE 


Carnation Research Laboratories, 8015 Van Nuys Boulevard, Van Nuys, California 


SUMMARY 


This experimental work was planned to study changes in flavor, color, thiobarbituric 
acid, and acid ferricyanide optical density values on paired samples of instant and non- 
instant nonfat dry milks under various storage conditions. 

Hedonie scores for instant and noninstant milks were initially 5.6 and 5.7, respee- 
tively, and were 4.7 and 4.8 after storage at 120°F. Triangular taste tests results of the 
paired samples indicated no significant difference between most of the pairs, either before 
or after storage at both temperatures. 

Reflectance values at 520 my and 400 my wave lengths changed very slightly during 
storage and were approximately the same for both milks. 

The average thiobarbituric acid optical density values for the instant nonfat samples 
were 0.210 before, and 0.244 after storage at 100°F. The corresponding values for the 
noninstant nonfat samples were 0.103 before, and 0.161 after storage at 100°F. The 
average acid ferricyanide optical density values were similar to those obtained with the 
thiobarbituric acid method. 

It was concluded that the instantizing process did not adversely affect the flavor 
of nonfat dry milk, and that the thiobarbituric acid or acid ferricyanide tests for reducing 
compounds can not be used as an index of flavor quality of nonfat dry milk. 





In recent years the retail sales of instantized nonfat dry milk have over- 
shadowed the sales of regular nonfat dry milk, the reason being the ease of 
reconstitution of the instant product. There has been a controversy regarding 
the influence of instantizing on flavor quality of nonfat dry milk. Investigators 
(1, 3) have stated that instantizing causes a stale-cereal flavor. Parker and 
McIntire (4) have reported that the instantizing process does not adversely 
affect the flavor of the nonfat dry milk with respect to consumer use. 

There has been little work published on a direct comparison of flavor of 
instant and noninstant nonfat dry milk during storage. Keeney and Bassette 
3) observed higher thiobarbituric acid values (TBA) in instant nonfat dry 
milk than in regular nonfat dry milk. They postulated that the reducing sub- 
stances measured by TBA were precursors of the browning reaction and at- 
tributed a greater off-flavor in instant nonfat dry milk to these compounds. 

An increase in acid ferricyanide reducing value (AFR) was observed when 
nonfat dry milk was instantized (4). 

Since browning precursors have been associated with off-flavor in instant 
nonfat dry milk, it was thought that color (measured as reflectance) might be 
correlated with off-flavor. Experience in measuring the reflectance of evaporated 
milk indieated that the 520 mp» and 400 my» wave lengths could be used to 
measure browning. 
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Therefore, experimental work was planned to study changes in flavor, color, 
TBA, and AFR values during storage of paired samples of instant and non- 
instant nonfat dry milk. 

METHODS 

Twenty paired samples of instant and noninstant nonfat dry milk were used 
during this study. The samples were taken from commercial production runs. 
Before the samples were placed in storage the moisture content of the samples 
was equilibrated for seven days at 20% relative humidity at a temperature of 
68° F. After equilibration the samples were stored in sealed glass jars. Twenty 
pairs of samples were stored at 120° F. for 2 wk.; this storage condition was 
used to accelerate the development of any flavor difference. Ten pairs of samples 
were stored at 100° F. for 12 wk. Our experience has indicated that this time 
and temperature is equivalent to storage at room temperature (72° F.) for at 
least 12 mo. Flavor, color, TBA, and AFR determinations were made initially 
and at weekly intervals on the samples stored at 120° F. The same determina- 
tions were made on the ten pairs of samples stored at 100° F., except that these 
determinations were made at 4-wk. intervals. 

The methods of evaluating the samples were as follows: 

Flavor. The flavor differences of the samples were determined by two 
methods, hedonic rating and triangular taste test. 

The hedonic ratings were determined by using a scale of one (extreme dis- 
like) to nine (extreme like). Not more than five pairs of samples were examined 
in one day. Three of the pairs were examined during the morning and two of 
the pairs were examined in the afternoon of the same day. The flavor panel 
consisted of nine to 14 people from the technical staff of the Carnation Company 
Research Laboratories. The milks were reconstituted at the rate of 10 g. of 
powder to 100 ml. of water. The milks were sampled at 72° F. in random 
order. The arithmetic average of the scores was determined on each sample. 

All the samples stored at 100° F. and ten of the 20 pairs of samples stored 
at 120° F. were examined initially and at the end of the storage periods by tri- 
angular taste testing. The triangular taste test was used to determine if small 
differences in flavor existed between each pair of samples. The odd sample for 
each test was determined randomly and the reconstituted instant and noninstant 
samples were presented to the panel in random order. The judges were asked 
to pick the odd sample and also to give a hedonic score for each sample. Prob- 
ability of picking the odd sample was determined from the tables published by 
Roessler, Warren, and Guymon (5). 

Reflectance. Color change in samples was measured by reflectance. The 
Beckman Model DU Spectrophotometer with the reflectance attachment was 
used in making the determinations. The reflectance of the reconstituted samples 
(10 g. powder to 100 ml. tap water) was determined at 520 mp» and 400 mu 
wave lengths. The reference standard was a block of reagent-grade magnesium 
earbonate. This standard was considered as having a reflectance of 100%. A 
constant amount of sample was used to insure consistent readings. Results 
are given as per cent reflectance. 
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Reducing values. Reducing values of the milk were determined by two 
methods: thiobarbituric acid method (TBA) and acid ferricyanide reducing 
method (AFR). The TBA method used was Method B as described by Keeney 
and Bassette (3), except that the results are given in terms of optical density. 

The AFR reducing values were determined by the method described by 
Crowe, Jenness, and Coulter (2), except that the results are given in terms of 
optical density. 

RESULTS 

The results of flavor, color, TBA, and AFR values of the samples stored at 
100° F. are given in Table 1. The results of flavor, color, TBA, and AFR values 
of the samples stored at 120° F. are given in Table 2. 

Flavor. During 3 mo. of storage at 100° F. the average hedonic ratings of 
the instant and noninstant samples were essentially the same and did not change 
over 0.1 unit. The judges showed no consistent preference for either instant or 
noninstant samples. The probability of picking the odd sample in the triangular 
taste test was less than the 95% level, indicating no significant difference in 
the flavor of the samples both before and after 12 wk. storage at 100° F. 

The hedonic flavor results for the samples stored at 120° F. showed there 
was not a preference for either of the milks. Both types of milks dropped 
approximately 1.0 unit on the hedonic scale after 2 wk. at 120° F. The differ- 
ence between the two types of milks did not change over 0.1 unit. The tri- 
angular taste test was run on each of the ten pairs of samples before and after 
storage at 120° F. The results for the initial samples showed that the probabil- 
ity of picking the odd sample was less than the 95% level for all of the ten pairs 
of samples. After storage at 120° F. for 2 wk., the probability of picking the 
odd sample for three pairs was 99%, the probability of picking the odd sample 
for two pairs was 95%, and the probability of picking the odd sample for the 
five other pairs still was less than the 95% level, indicating only a slight differ- 
ence in flavor of the two types of milks after storage. 

The instant samples had higher hedonic scores in four of the five pairs of 
samples in which there was a significant difference between the two types of 
milks. 

Reflectance. The results for reflectance show that for both the 520 mp» and 
400 mip wave lengths there was practically no difference (less than 2%) between 
the instant and noninstant samples. During storage the reflectance decreased 
2 to 10% for both types of samples at both storage temperatures. After storage 
the differences between both types of milks were still less than 2%. 

Thiobarbituric acid values and acid ferricyanide reducing values. During 
the 3 mo. of storage at 100° F. there was a gradual rise of the average TBA 
values of both types of milks. The AFR reducing values also increased. The 
instant milks had higher initial values than the noninstant milks, as measured 
by both tests, and the differences between the two types of milks remained about 
the same during storage at 100° F. for 12 wk. 

The average TBA values for the samples stored at 120° F. showed a gradual 
increase. The differences remained about the same between the two types of 
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Results of flavor and chemical evaluation of ten paired samples of instant and noninstant 


nonfat dry milk before and after 12 wk. of storage at 100° F. 


Test Type of milk Before After 
Instant 5.6 5.5 
Flavor“ 
Noninstant 5.6 5.6 
Instant 0.210 0.244 
Thiobarbiturie acid values” 
Noninstant 0.103 0.161 
Instant 0.398 0.567 
Acid ferricyanide values” 
Noninstant 0.185 0.371 
Instant 68.7 64.6 
Reflectance (400 mu)‘ 
Neninstant 69.7 66.6 
Instant 73.1 69.7 
Reflectance (520 mu)* 
Noninstant 74.2 70.5 





“Results are given as the average hedonic rating of ten samples, using a hedonic scale 


of zero (extreme dislike) to nine (extreme like). 


» Results are given as the average optical density measurements of ten samples. 


*Results are given as the average per cent 


ten samples. 
“Results are given as the 
ten samples. 


average per 


cent reflectance 
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TABLE 2 
Results of flavor and chemical evaluation of 20 paired samples of instant and noninstant 
nonfat dry milk before and after 2 wk. of storage at 120° F. 











Test Type of milk Before After 
Instant 5.6 4.7 
Flavor" 
Noninstant 5.7 4.8 
Instant 0.168 0.391 
Thiobarbituric acid values” 
Noninstant 0.075 0.278 
Instant 0.434 0.807 
Acid ferricyanide values” 
Noninstant 0.218 0.633 
Instant 67.3 58.6 
Reflectance (400 mu)* 
Noninstant 68.4 61.1 
Instant 71.2 64.5 
Reflectance (520 mu)* 
Noninstant 72.7 70.6 


“Results are given as the average hedonic rating of 20 samples, using a hedonic seale 
of zero (extreme dislike) to nine (extreme like). 

» Results are given as the average optical density measurements of 20 samples. 

* Results are given as the 
20 samples. 

“Results are given as the average per cent reflectance at 520 mu wave length. 
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milks during storage at 120° F. The average AFR values for the samples stored 
at 120° F. increased sharply the Ist wk. of storage, but leveled off and increased 
eradually during the 2nd wk. of storage. The instant milks had a higher initial 
value than the noninstant milks and the difference between the two remained 
about the same during storage at 120° F. 


DISCUSSION 

The main purpose of this study was to determine if the instantizing process 
influences the flavor quality of nonfat dry milk in respect to consumer use. The 
results indicated that the flavor acceptability of paired samples of instantized 
and noninstantized nonfat milks was the same initially and also at the end of 
the storage periods. It can be concluded from these results that the instantizing 
process does not adversely affect the flavor of nonfat dry milk. 

The other purpose of this study was to measure changes in reducing values 
and color of the samples during storage, in an attempt to correlate changes in 
reducing substances and/or color with flavor changes. 

The results show that the reducing values measured by both methods were 
higher for the instant samples and that the values for both types of milk in- 
creased during storage. The hedonic flavor scores of both types of milk were the 
same initially and remained the same during storage. During storage at 100° F. 
the values did not change. From these results it can be concluded that the TBA 
and AFR values can not be used as an index of flavor quality of nonfat dry milk. 

The results of the color as measured by reflectance indicated no difference 
between the instant and noninstant samples initially and after storage. There 
was not enough change in either color or flavor to conclude if color as meas- 
ured by reflectance could be correlated with flavor changes in the samples. 
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ACCURACY OF THE PLASTIC BEAD METHOD OF MEASURING 
SOLIDS-NOT-FAT OF MILK UNDER FIELD CONDITIONS ?? 


R. C. LAMB,’ L. D. MeGILLIARD, anp J. R. BRUNNER 


Departments of Dairy and Food Science, Michigan State University, East Lansing 


SUMMARY 


The plastic bead method of measuring solids-not-fat (SNF) content of milk is a 
practical test for use by DHIA supervisors in the field. This method can be as accurate 
under field conditions as in the laboratory. The mean differences between duplicate 
readings in the field, between duplicates in the laboratory, and between duplicate readings 
in the field and the laboratory were .07, .14, and .16% SNF, respectively. Correlations 
between duplicate readings, between methods, and between field and laboratory were 
.86 or greater. Although the lactometer method appears slightly more accurate than the 
bead method, the difference is so small as to merit little consideration in practical use. 


In 1957 two methods which appeared practical for large-scale testing of 
milk for its content of SNF were reported (3, 9). Both of these methods were 
based on hydrometry, but differed from older lactometric procedures in that 
they required a smaller sample of milk and less time to perform. The plastic 
bead method of Golding (3) also differed, in that the equipment was less 
fragile and the test was reported to be (1) less sensitive to temperature change. 

The aceuracy of the Watson-pattern lactometer (9) has been reported for 
testing herd milk samples and samples from individual cows under laboratory 
conditions (7, 8) and for testing samples from individual cows under field 
conditions (6). The accuracy of the Golding plastic bead method (3, 4) has 
been reported for testing samples from individual cows and herd milk samples 
under laboratory conditions (1, 4, 5). The present study was undertaken to 
measure the accuracy of the plastic bead method for testing individual samples 
of milk under field conditions and to compare the accuracy of the method 
with that of the lactometer and bead methods performed in the laboratory. 


EXPERIMENTAL PROCEDURE 


Equipment. The apparatus consisted of a 4-0z. sample bottle fitted with a 
snap-in plastic grid and containing ten plastic beads, each 4, in. in diameter 
and a different color. Each bead varied in density by 1 mg. per milliliter at 
68° F. and represented a density of one lactometer degree between 68 and 
76° F. The density of the set of ten beads ranged from 1.025 to 1.034 (1, 3, 4). 
A glass stand over a tilting stationary mirror was used to aid in reading the 
number of beads sinking to the bottom of the bottle. 
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Testing procedure. Eight DHIA supervisors in six Michigan counties were 
provided with test equipment. Seven of the supervisors conducted the test at 
home; the other one conducted the test on the farms. The DHIA supervisor 
obtained a 2-0z. sample of milk from each cow and placed it directly into the 
sample bottle containing the plastic beads. This provided enough milk to 
conduct both the SNF test and the Babcock test for fat. The milk was heated 
to approximately 104° by immersing the sample bottle of milk in water at 
115-120° F. The milk was held at 104° for 5 min. to liquefy the fat completely 
and then was mixed thoroughly by rotary motion. The milk was ccoled rapidly 
to 68° F. by immersing the sample bottle in cold water. The milk was again 
thoroughly mixed at 68° F. The sample bottles were placed over the mirror, 
and the number of beads sinking to the bottom was recorded. Occasionally, 
one bead near the exact density of the milk remained in the middle. When this 
happened, a slight rotary mixing generally resulted in the bead either rising 
or sinking. Only the number of beads actually sinking was recorded. The 
temperature of the milk was recorded immediately following the reading. 

Method of comparison. Following a one-half-day training session on the 
equipment and procedure, the DHIA supervisors tested one herd for addi- 
tional practice. From the second herd tested, quadruplicate samples of milk 
were obtained from every fourth cow until a total of six cows had been sampled. 
Duplicate samples were analyzed in the field by the DHIA supervisor. The 
DHIA supervisor tested the second of the duplicate samples in a separate group 
following testing of the original samples, but the identities of the duplicates 
were changed so as to be unknown to the supervisor. The two other samples 
were analyzed the following day under laboratory conditions. Analyses in the 
laboratory were made using both the Golding plastic bead method (3, 4) and 
the small Watson-pattern lactometer (9). Preservatives were not used. Dupli- 
cates were not identified to the technician and were tested in random order. All 
of the herds sampled in this study were registered Guernseys. 

Percentage of SNF was calculated using the formulae presented by Erb 
et al. (1) for the plastic beads and by Watson (9) for the small lactometer. 
Fat content was measured by the supervisors in the field, using the Babcock 
method. 

RESULTS AND DISCUSSION 


The temperature of the milk immediately following reading of the number 
of beads sinking ranged from 66 to 74° F. Since Golding (3) reported no 
change in the density of the plastic beads between 65 and 78° F., adjustments 
were not made for temperature. 

Analysis of variance showed differences significant at the level of .01 be- 
tween four of the supervisors and the laboratory and nonsignificant differences 
between three of the supervisors and the laboratory. Data from one supervisor 
were not used, because he failed to obtain the specified number of samples and 
would not conduct the test according to directions. 

Partitioning of the variance into its components gave the results presented 
in Table 1. Differences between samples accounted for over 60% of the variance 
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for all but one supervisor. Differences between field and laboratory (locations) 
accounted for no variation for three of the supervisors and were of practical 
importance for only one supervisor. Variance attributable to differences be- 
tween duplicates in the field accounted for 0-16% of the variance, whereas the 
within-laboratory variance ranged from 0-23%. The within-lab variance was 
larger than the within-field variance in all but two cases, indicating that the 
DHIA supervisors were able to duplicate their results at least as well as the 
technician under laboratory conditions. It is not known whether the one-day 
difference in age of samples or the transportation of the samples from the field 
to the laboratory could have had any influence on the lower repeatability of 
results obtained in the laboratory. 

The variances within field and within lab are larger in this study than those 
reported for the lactometriec method (6). This may be due in part to measure- 
ments being made to a whole lactometer degree with the plastic bead method 
but estimated to the nearest one-tenth of a lactometer degree with the lactometer 
method. Thus, there should be fewer differences in the plastic bead readings, 
but any errors which occur are magnified several times. 

The frequency distribution of differences between duplicate plastic bead 
readings are presented in Table 2. There were no differences between 73% of 
the duplicates tested in the field, 51% of the duplicates tested in the laboratory, 
and 34% of the field-laboratory comparisons. None of the duplicate readings 
in the field differed by more than one bead, while one set of duplicates in the 
laboratory differed by two beads. Over 60% of the differences between the 
average of duplicates in the field and the average of the duplicates in the 
laboratory were less than one bead, and all were less than two beads. There 


TABLE 2 


Cumulative distribution of differences between duplicate plastic bead readings 


Field Laboratory Field-laboratory 
Differences * No. % f No. / No. % 
0 30 73 21 51 14 34 
5 30 73 21 51 25 61 
1.0 41 100 40 97 36 88 
1.5 40 97 41 100 
20 41 100 


‘ Differences measured as number of beads. 


were six cases (14%) of a difference of two beads between one of the dupli- 
cates in the field and one of the corresponding duplicates in the laboratory. 
The mean differences between duplicates in the field, between duplicates in the 
laboratory, and between the average of duplicates in the field and the average 
of duplicates in the laboratory were 0.27, 0.51, and 0.59, respectively. This is 
equivalent to differences of .07, .14, and .16 SNF for the three comparisons. 
With one exception, all cases of field-laboratory differences were due to more 
beads sinking in the field than in the laboratory, resulting in a higher per- 
centage of SNF in the laboratory tests. 
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The correlations within tester between plastic bead determinations in the 
field and in the laboratory, between duplicate measurements in the field, and 
between duplicate measurements in the laboratory were .86, .91, and .86, re- 
spectively. The correlations between SNF percentages calculated from bead 
determinations in the field and lactometer determinations in the laboratory, 
between bead determinations in the laboratory and lactometer determinations 
in the laboratory, and between duplicate lactometer measurements in the lab- 
oratory were .94, .95, and .98, respectively. 

The laboratory technician had little previous experience with the plastic 
bead method, but was thoroughly familiar and experienced with the lactometer 
method. This could account for some of the increase in the magnitude of the 
correlations when the lactometer determinations are included. 

The high correlations between duplicate samples, both in the field and in 
the laboratory, indicate that duplicate determinations add little information 
and, therefore, are not necessary to estimate accurately the SNF content of 
milk. The magnitude of the correlations between field and laboratory suggest 
that, for all practical purposes, the plastic bead method is as useful under 
field conditions as the bead or the lactometer methods under laboratory 
conditions. 

The range of differences between supervisors suggests a wide difference in 
capabilities of various supervisors. The data indicate that the Golding plastic 
bead method can be used as accurately in the field as in the laboratory, but 
that whether it is used accurately is dependent upon the human element. 

The choice of a test for widespread use in routine testing of milk for con- 
tent of SNF depends on the accuracy, cost, simplicity, and time required to 
perform the test. Gaunt (2) presents a summary from five experiment stations, 
which includes a contribution from the Michigan station by the authors, com- 
paring plastic beads, lactometer, and gravimetric methods of measuring SNF. 
Correlations between bead and lactometer results were larger than those be- 
tween either and the gravimetric method. Agreement between lactometer and 
gravimetric methods was slightly closer than between beads and gravimetric. 
Erb et al. (1) reported finding no difference in comparison of bead and lac- 
tometer tests with gravimetric assays. These, along with current data, indicate 
that although the lactometer method is slightly more aecurate than the bead 
method, the difference is not large enough to merit recognition in practice. 

The equipment for the plastic bead method has a lower initial cost than 
that for the lactometer method because of the need for a thermostatically con- 
trolled water bath with the latter method. The cost of maintenance and upkeep 
of the equipment is also higher for the lactometer method for the same reason. 
The plastic bead test is slightly simpler to perform due to less sensitivity to 
temperature change. No comparisons of the speeds with which these two methods 
ean be performed have been reported. Thus, the main practical difference 
between the plastic bead method and the lactometer method of measuring SNF 
content of milk is the higher cost of equipment for the latter method. 
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CONCLUSIONS 


The Golding plastic bead test can be used as accurately under field condi- 
tions as it can in the laboratory. Although the lactometer method appears 
slightly more accurate than the bead method to measure SNF, the difference 
is so small as to receive little consideration in practice. The bead method 
appears more useful under field conditions because of less cost of equipment 
and because of simplicity of the test. Duplicate determinations are not neces- 
sary to estimate accurately the SNF content of milk. 
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FURTHER COMPARISONS OF ALFALFA HAY AND ALFALFA SILAGE 
FOR GROWING DAIRY HEIFERS 


J. W. THOMAS,’ L. A. MOORE, ann J. F. SYKES 
Animal Husbandry Research Division, Dairy Cattle Research Branch, 
Agricultural Research Center, Beltsville, Maryland 


SUMMARY 


Three different types of trials were performed in which body weight gain, dry matter 
(D. M.) intake, and their ratio were compared when growing dairy heifers were fed 
hay or silage. 

Alfalfa hay and wilted silage simultaneously harvested from the same fields were 
fed in a continuous (14 mo.) and a reversal trial (7 mo. each) to dairy heifers from 5 to 
19 mo. of age. Growth rates, D.M. intake, and efficiency of gain were lower for the 
heifers fed silage. After 19 mo. of age, all heifers were fed a normal ration of hay, 
corn silage, and grain, and the growth rate was increased for most heifers. Body weight 
at 2 yr. of age for heifers that had been fed hay during the 14-mo. experimental period 
was much greater than that of heifers that had been fed silage during this period. Body 
weight at 2 yr. for heifers fed silage for either of the 7-mo. periods was somewhat less 
than that of hay-fed heifers. These data indicate that silage may provide the major source 
of feed for dairy heifers for as long as 7 mo., either before or after a year of age, pro- 
vided more adequate rations are supplied following these intervals without seriously 
reducing their size at calving time. 

Alfalfa harvested simultaneously from the same field as hay, wilted silage (43-46% 
dry matter), or as direet-eut silage during two different crop years was fed for 2 to 3 
mo. to growing dairy heifers when 7 to 19 mo. of age. For each crop year there was 
little difference in rates of gain or dry matter intake or in efficiency of gain for heifers 
fed hay or wilted silage (43-46% dry matter). Heifers fed direct-cut silage had lower 
rates of gain, intake, and efficiency. However, in one crop year the difference between 
hay and direct-eut silage was small and not significant. It is suggested that the dry matter 
content of the forage when ensiled, and differences in the resulting fermentation, are 
major faetors in determining the acceptability of silages by heifers and their resulting 
performance. 

Dry matter from hay produced larger gains than an equal amount of dry matter 
from wilted or D.C. silage when heifers were pair-fed the two forages. This suggests that 
there may be a difference in the nutritive value of hay and silage dry matter, as well as 
differences in their acceptability by dairy heifers. 

It has been demonstrated that dairy heifers attain normal body weights and 
development when fed limited amounts of milk and grain along with ad libitum 
access to good-quality hay (1, 10, 13). The substitution of wilted alfalfa silage 
for the hay during the entire growing period produced lower rates of growth 
and nutrient intake in heifers (4, 10, 13). (Reference 13 reviews previous 
results.) The body weight of heifers fed silage to 2 yr. of age was only 80% 
of the weight of those fed hay. 

Heifer feeding trials of short duration have given conflicting results 
(3, 8, 13) which have been reviewed (12). It appeared desirable to perform addi- 
tional short-term studies and attempt to identify factors that might influence 
the comparative performance of heifers when fed silage or hay. 
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\LFALFA ROUGHAGES FORK HEIFERS 863 
The present experiments were conducted to determine the effects of feeding 
alfalfa silage for limited periods of time during different intervals in the 
crowing period. One trial was also designed to determine the ability of heifers 
to respond to a more adequate ration after the slow rates of growth observed 
when silage was fed. Other trials indicated that dry matter (D.M.) or other 
qualities of silages influenced the intake and performance of heifers receiving 
silages (2, 7), and more specific information on this appeared desirable. 

In previous trials, there were differences in efficiency of utilization of silage 
or hay, but the significance of these differences was complicated by apparent 
differences in calorie value of gain in heifers fed hay and silage. Consequently, 
this aspect of the subject was further explored by equalizing the intake of 
silage and hay in one trial. In most previous trials in which hay and silage were 
compared each forage was from a different source. It appeared desirable to 
obtain information on the comparative performance of heifers fed hay or silage 
harvested simultaneously from the same fields. A preliminary report on one 
of those trials was previously prepared (11). 


EXPERIMENTAL PROCEDURE 
In Trial I, 47 heifer calves of the Holstein and Jersey breed were assigned 
to one of the four experimental dietary treatment groups when 5 mo. of age. 
All animals were fed the same up to 5 mo. of age. The sequence of the roughage 
feeding schedule is indicated in Table 1. The treatment was essentially a com- 


TABLE 1 
Sequence of roughages fed to the 4 groups in Trial I 


Roughage fed 


Group a 

No. 1-5 mo. 5-12 mo. 12-19 mo. 19-24 mo. 

1 Hay and silage Hay Hay Hay, corn silage, 
Fs 7) 2 Ib. grain 

2 Hay and silage Hay Silage Hay, corn silage, 
i: 3) 2 lb. grain 

3 Hay and silage Silage Hay Hay, corn silage, 
(i:-¥) 2 |b. grain 

4 Hay and silage Silage Silage Hay, corn silage, 


(2: I) 2 Ib. grain 


parison of a continuous vs. a switchover feeding schedule during the 5- to 19-mo. 
age period. Groups 2 and 3 received silage for a 7-mo. period, but at different 
ages, whereas Group 4 received silage for a 14-mo. period. From birth to 5 mo. 
of age and from 19 to 24 mo. of age heifers in all four groups received the same 
feeds. The alfalfa forage fed during the experimental period (5-19 mo.) was 
harvested simultaneously from the same field as hay or as wilted silage. The 
silage averaged 31% D.M. when fed. 

The feeding schedule of the young calves was similar to that in previous 
experiments (1, 10, 11, 12). Each heifer received 370 lb. whole milk during the 
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first 2 mo. of life. A grain mixture containing 15% protein was offered when 
each calf was ten days of age and increased up to 3 lb. per day as appetite 
increased. The amount was reduced to 2 lb. at 6 mo. and eliminated when 8 mo. 
of age. The silage was offered before ten days of age, and the hay at about 1 mo. 
of age, after which the calves were fed half hay and half silage (dry matter 
basis). With this procedure, all calves were accustomed to both forages before 
the comparison was made at 5 mo. of age. 
TABLE 2 


Body weights, gains, intake, and efficiency of heifers fed hay or silage (Trial I) 











Group Group 
l 2 3 4 1 2 3 4 
Age (mo.) Holstein Jersey 
Body weight (lb.) 
5 261° 270* 261° 266* 173* “+ fi 176° 172° 
12 605" 5894 466® 460° 3824 4024 283" 2498 
19 922° 776" =851* = 707 575“ 5124 5584 365° 
24 1,223* 1,060" 1,125*" 1,038° 686“ 7034 7074 570° 
24 (% Std.) 109 94 100 92 >84 86 86 70 
Body weight gain (lb/day/calf ) 
; ght g L ] 
0-5 1.16* 1.24* 22" 1.21° 0.80* 0.83" 0.80" 0.83" 
5-12 1.604 1.494 0.95" 0.91" 0.974 1.044 0.50® 0.368 
st. dev. (+ 16 7 15 f- .04 10 14 13 
12-19 La eee’ 1.844 Liz ese" 0.53 ‘ 34° 0.56 ° 
st. dev. (+) 2 24 22 36 11 38 16 24 
19-24 1.94* 1.84° tg 1.9}* 0.78” 125° 0.92” 1a3° 
st. dev. (+) 26 41 29 34 09 31 19 26 
5-24 (lb. total) 962 790 864 767 513 526 531 398 
Intake (lb. D.M/calf/day) 
5-12 139.13"  12:25* 8.65" 8.768 7.664 8.194 §.28" 4.788 
st. dev. (+) 98 51 or i j 1.26 1.13 76 .83 .63 
12-19 19.084 13.56" 17.944 192.63" 192.354 9.59" 12.514 6.95° 
st. dev. (+) 2.93 1.45 3.22 1.67 1.94 1.82 1.18 1.05 
19-24 o3.62" 18.12° 10.78" 1698" 12:98° 13.88* 13:60°  12:96* 
5-24 (total lb.) 10,118 8,074 8,691 7,676 6,066 6,034 5,870 4,444 
Efficiency (lb. gain/100 lb. D.M. consumed) 
5-12 13.18* 13.28 10.91" 10.26" 12.89% 12.744 9.36" 7.91" 
st. dev. (+) 68 2.31 1.44 1.44 1.70 1.82 1.94 2.77 
12-19 7.95" 6.47° 10.38" rs 7.16" 5.49” 10.53* 7.90” 
st. dev. (+ 98 1.16 1.17 2.07 1.14 2.61 1.26 3.27 
19-24 8.03" 10.22" 8.98" 10.26" 6.13” 8.98" 6.83” 10.07" 
5-24 9.50* 9.78* 9.94" 9,99 * 8.46* 8.72* 9.05* 8.95* 
4 5 6 7 5 6 . 7 


No. animals 


Sets of averages with the same superscript form a statistically homogeneous grouping. 
Capital letters, P= 0.01; lower-case letters, P = 0.05. 


Fo\ 


During two consecutive years (1957 and 1958) 
harvested as hay, heavily wilted silage 


alfalfa from the same field 


was simultaneously (haylage), or 


direet-cut (D.C.) silage. In Trial II, a second-cutting alfalfa preserved as hay, 
haylage, and D.C. silage was fed to three groups of three Jersey heifers each. 
In Trial II-b, the hay and D.C. silage were fed to three Holstein heifers. In 
Trial III, first-eutting alfalfa as hay, haylage, and D.C. silage of the 1958 crop 
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TABLE 3 
Performance of heifers fed alfalfa harvested three different ways 
(averages and standard deviation) 
Dietary treatment group 


1 2 3 


Forage harvested Hay Haylage D.C. Silage 

1957 Crop—tTrial IT 

% D.M. when ensiled 50.6 25.8 

% D.M. when fed 90 43.0 28.0 

No. of calves in Trial II-a 3 3 3 

Days fed forage 73 73 73 

Initial weight 434 435 465 

Daily gain (lb/calf) 0.88% + 0.13 0.87" + 0.29 0.76% + 0.27 
Daily D.M. intake (lb/calf) 12.45° + 4.2 11.86° + 4.6 10.52* + 2.5 
Daily D.M. intake (lb/cwt) 2.26°=+ 0.3 2.30° + 0.2 2.50% + 0.3 
Efficiency (lb. gain/100 lb. D.M.) 7.98° + 4,1 7,73° = 20 7.52° + 2.4 
No. calves in Trial II-b 3 0 3 

Av. initial weight 648 658 

Daily gain (lb/calf) 1.51° + 0.63 123° = 0316 
Daily D.M. intake (lb/calf) 15.37° + 4.4 15.86* + 3.2 
Daily D.M. intake (lb/cewt) 332° 6. 206" +02 
Efficiency (lb. gain/100 lb. D.M.) 9.51° + 1.8 728° = 20 
1958 Crop—tTrial III 

% D.M. when ensiled 44.0 20.5 

% D.M. when fed 89 46.0 24.0 

No. calves in Trial III 4 4 + 

Days fed forage 90 90 90 

Initial weight 509 496 517 

Daily gain (lb/calf) 0.894 + 0.21 0.934 + 0.27 —0.298 + 0.37 
Daily D.M. intake (lb/calf) 13.09" + 0.26 13.00° + 2.45 8.90" + 0.21 
Daily D.M. intake (lb/ewt) 230° + 0.14 2.424 + 0.13 1.798 + 0.05 
Efficiency (lb. gain/100 lb. D.M.) 6.723* 2 1:43 120" = 317 —3.355 + 4,45 
Composition of forages fed 

Trial No. II III II III II III 
Crude protein (%) 18.5 18.2 21.1 18.6 20.0 18.8 
Crude fiber (%) 25.9 30.8 27.7 31.3 27.3 33.2 
pH 4.9 4.9 4.9 4.9 
NH;-N-as % of total 9.6 11.3 15.9 20.7 
Lactic Acid (%) 1.6 2.2 2.2 0.9 
Acetic Acid (%) 1.2 1.5 5.6 5.5 
Butyric Acid (%) 0.13 0.11 0.61 1.24 
Propionic Acid (%) 0.06 0.05 0.40 0.77 





Within one set of averages the figures having the same letter as superscript form a sta- 
tistically homogeneous group. Capital letters, P= 0.01; lower-case letters, P = 0.05. 


were each fed to four Jersey heifers. Data on length of trial and D.M. content 
of the forages as harvested and as fed are given in the upper portion of 
Table 3. The heifers were placed in expected outcome groups based on age and 
previous performance and were randomly assigned to dietary treatment Groups 
1, 2, or 3. Body weights were taken on three consecutive days at monthly 
intervals and at initiation and cessation of all trials. Trial I] was terminated 
after 73 days, when the supply of haylage of feedable quality became exhausted. 

In the paired-feeding trial (Trial IV) three groups of five Jersey heifers, 
each replicated as to age and previous rate of gain, were used. Heifers in Group 
A were fed alfalfa hay ad libitum, those in Group B were fed alfalfa silage 
ad libitum, and those in Group C were fed hay limited in amount to that of the 
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silage D.M. consumed by the respective silage-fed heifer in that replicate. This 
was done on a monthly basis so that Group C was fed at least one calendar 
month after Group B, although at the same chronological age. Three of the 
heifers in Group B were fed D.C. silage for 90 days, whereas the other two were 
fed wilted alfalfa silage for 125 days. Other information and data on initial 
age and weight are given in the upper portion of Table 4. 


TABLE 4 


Performance of heifers fed hay, silage, and limited hay 


x** 


Dietary treatment group 


A B C 
Forage Hay Silage Limit hay 
No. of heifers 5 5 5 
Days fed forage (days—No. of heifers) 90-3 90-3* 90-3 
(days—No. of heifers) 125-2 125-2** 125-2 
Initial age (mo.) (age—No. heifers) 18-3 18-3* 18-3 
(age—No. heifers) 8-2 §—2** 8-2 
Initial weight (lb.) 515-3 519-3* 477-3 
297-2 272-2°* 295-2 
Daily gain (lb/calf) 0.934 + 0.24 -0.10® + 0.07 0.644 + 0.24 
Daily intake (lb. D.M/day) 11.59% + 2.31 Tin" = =396 os8* > 1:71 
17 10.204 + 5.41 


Efficiency (lb. gain/100 lb. D.M.) §.23° + 2.4) -0.82 +4, 


* D.C. silage. 
** Wilted silage. 
*** Groups B and C pair-fed—equal D.M. from silage or hay. Within one set of averages 
the figures having the same letter as superscript form a statistically homogeneous group. 
Capital letters, P = 0.01; lower-case letters, P = 0.05. 


At all ages roughages were fed to the limit of appetite, except in Trial IV, 
Group A. Consumption and refusals were recorded daily. Dry matter (D.M.) 
content of the feeds fed in Trial I was determined two times per month by drying 
at 80° C. in a foreed-draft oven. In Trials I], II, and IV the D.M. content of 
the silages was obtained at five- or ten-day intervals from daily aliquots by 
distillation from toluene. Other details were similar to those used in previous 
trials (2, 10, 13). 

Standard statistical procedures were used as suggested by Snedecor and 
others (5, 9). 

RESULTS AND DISCUSSION 

Results on specifie aspects of Trial I are presented and discussed, followed 
in order by Trials II, II], and IV. The cumulative body weights of the four 
groups in Trial I at monthly intervals are shown in Figure 1. Body weights at 
selected ages, gains, intakes, efficiency of gains, and statistically homogenous 
groupings for each breed and specific periods are given in Teble 2. 


Effect on body weight. At 5 mo. of age all groups of heifers in Trial I were 
approximately equal in respect to weight, intake, and rate of gain (Table 2; 
Figures 1 and 2). At this age, these heifers fed hay and silage were only 
slightly smaller than heifers fed hay in previous trials (1, 10, 12). 
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The subsequent body weights of heifers in Group 1 were equal to those 
observed previously, when only alfalfa hay was fed to heifers (1, 10, 13). The 
heifers in Group 4 (fed silage) grew at a much slower rate and were similar 
to those fed silage in previous experiments (4, 10, 12). 

During the 5- to 12-mo. interval, the 20 heifers fed hay gained faster than 
the 27 heifers fed silage (1.27 vs. 0.68 lb/day; P < 0.01). During the 12- to 
19-mo. age interval the 22 heifers fed hay also gained faster than the 25 heifers 
fed silage (1.40 vs. 0.79 lb/day; P < 0.01). 

Reversing hay and silage feeding at 12 mo. of age to Groups 2 and 3 had a 
very marked effect on rate of body weight gain. During the 12-19 mo. age 
period heifers changed from silage to hay (Group 3) gained more than any 
other group (P = 0.05, breeds combined basis) and those changed from hay to 
silage (Group 2) gained the least. 

Markedly increased rates of gain were observed for the heifers of Groups 
1, 2, and 4 (except Group 1, Jerseys) when changed from experimental forage 
to hay, corn silage, and grain at 19 mo. of age. This increase did not occur 
in heifers of Group 3 which had previously been changed from silage to hay 
at 12 mo. of age. 

The body weights at 2 yr. of age of Holstein heifers in Groups 2, 3, or 4 
were 100 to 200 Ib. less than that of heifers in Group 1. The body weights of 
Holstein heifers in Group 1 equaled those of the Beltsville standard (6) after 
20 mo. of age, but the body weight of the Holstein heifers in Group 3 only 
equaled that of the standard by 2 yr. of age. Heifers of both breeds in Group 
4 never equaled the standard. 

The final weights of the Jersey heifers in Groups 1, 2, or 3 were approxi- 
mately the same, but the weights of heifers in Group 4 were 130 lb. less. The 
equalization of body weights for Jersey heifers in Groups 1, 2, and 3 after 19 
mo. of age was due to the elimination of the largest animal from Group 1 at 
19 mo. and to a decrease in rate of gain of the remaining heifers in Group 1. 
A reduction in growth rate during this age interval has been noted previously 
in Jersey heifers reared on hay in this herd (10, 12). 

After feeding an adequate ration for 5 mo. (19-24 mo. of age) complete 
recovery did not occur in heifers that had received wilted alfalfa silage for 
14 mo. (5-19 mo. of age), nor did complete recovery occur in Holstein heifers 
that had received the silage during either of the 7-mo. periods. The conclusion 
appears justified that, under usual conditions, feeding wilted alfalfa silage 
as the only forage to dairy heifers for any 7- to 14-mo. interval during the 
growing period, and adequate rations at other times, will decrease their weight 
at 2 yr. of age. The weights at 2 yr. of age of heifers fed silage for 7-mo. 
periods, however, were not markedly reduced, thus indicating that silage may 
be usefully employed as the only feed for growing heifers for such periods, 
provided the heifers have an opportunity to recover from the effects of silage 
feeding sometime prior to calving. 

Effect on intake. Differences in voluntary intake of heifers in Trial I 
paralleled those of gain (Table 1; Figures 1 and 2). During the 5- to 12-mo. 
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Fig. 1. Average body weights at monthly ages of heifers fed wilted alfalfa silage (dash 
line) or alfalfa hay (solid line), for given periods as outlined in text and in the figure. 


age interval the heifers fed hay consumed more D.M. than those fed silage (9.81 
vs. 6.84 lb/day; P < 0.01). During the 12- to 19-mo. age interval the heifers 
fed hay consumed more than those fed silage (15.47 vs. 10.68 lb/day; P < 0.01). 

Heifers in Group 4 consumed the least of any group during the 12-19 mo. 
age interval in absolute terms, but in relation to body weight heifers in Group 
2 consumed less than those in Group 4 (2.05 vs. 2.22 lb. D.M/ewt). Heifers in 
Group 3 consumed 2.85 lb. D.M/ewt, whereas those in Group 1 consumed 2.54 
during this interval. During the recovery period, heifers in Group 4 consumed 
the most D.M. on a per-hundredweight basis (2.40 vs. 2.1 for other three groups), 
but on an absolute basis their consumption was lower than for most other groups. 


Changing from hay plus silage to silage only at 5 mo. of age in Groups 3 and 
4 produced a decrease or very small increase in total D.M. intake (Figure 2). 
This happened even though all the heifers were accustomed to eating relatively 
large quantities of silage during the pre-experimental period and rate of grain 
feeding did not change at this time. The authors believe that this reduction in 
intake is a reflection of the effect of silage on voluntary consumption not related 
to the palatability of the silage. 
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Fig. 2. Average daily dry matter consumed at monthly ages of heifers fed wilted alfalfa 


silage (dash line) or alfalfa hay (solid line), for given periods as outlined in text and in 


Figure 1. 


An abrupt decrease in intake occurred when the heifers in Group 2 were 
changed from hay to silage, and a fast but not abrupt increase occurred for the 
heifers in Group 3 when they were changed from silage to hay at 12 mo. of age. 
These changes are plotted by five-day intervals for five days previous and for 
the month following this change in Figure 2. At both age intervals (5-12 and 
12-19) the rate of increase in consumption as age increased was less for heifers 
fed silage than it was for heifers fed hay. The Jersey heifers in Groups 3 and 
4 consumed no more D.M. when 10 to 12 mo. of age than when they were 6 mo. 
of age. Each group showed a temporary decrease in dry matter intake when 
grain was omitted at 8 mo. of age, and this temporary decrease was more evi- 
dent in heifers fed silage than with most heifers fed hay. 

The voluntary intake of silage as compared to hay was reduced in this trial, 
where the forage source was identical, just as it was in other trials where the 
source of the hay and silage was different (7, 10, 12). 

Effect of efficiency of gain. The efficiency of body weight gains during the 
5- to 12-mo. period was greater for the 20 hay-fed heifers than it was for the 27 
silage-fed heifers (13.02 vs. 9.49 lb. gain/100 lb. D.M.; P < 0.01). However, 
during the 12- to 19-mo. period this was not always the case. The combined 
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breeds averaged 10.45 for Group 3; 8.56 for Group 4; 7.55 for Group 1; and 
5.98 for Group 2 during this age interval. Reasons are not evident why Group 
4, continued on silage, was significantly more efficient (P < 0.01 on a combined 
breed basis) than heifers in Group 2 which were changed to silage during this 
period. Heifers in Group 1 had a better appearance and were fatter than the 
heifers in Group 4; therefore, the caloric value of their gain was probably 
higher. This could account for the larger gain per unit of D.M. intake for 
heifers in Group 4 as compared to Group 1 during the 12-19 mo. age period. 
The efficiency of gain from 5 to 24 mo. was somewhat higher for heifers in 
Groups 3, 4, and 2 than for those in Group 1. These group differences were not 
significant. Breed differences in efficiency of gain were significant for the entire 
period, as well as for each experimental period (P < 0.01). 

General effects. A significant effect of pretreatment was noted in the gains, 
intake, and efficiency for Group 3 during the 12-19 mo. age interval and for 
Groups 2 and 4 during the recovery period. These effects were characteristic of 
those obtained when changing from a low rate of intake to a more liberal rate 
of feeding. 

Body weight gains, D.M. intake, and efficiency of gain were more variable 
for heifers receiving silage than for heifers receiving hay. This is indicated 
by the following coefficients of variation: (a) 34.6 and 10.7% for gains; (b) 
13.8 and 12.7% for intake, and (¢c) 26.5 and 12.7% for efficiency of gain by 
silage- and hay-fed heifers, respectively. The greater variation among heifers 
fed silage than among heifers fed hay has been noticed previously (12). The 
greater variation in gains and efficiency with approximately equal variation in 
intake could indicate that there was a large difference in the way silage-fed 
heifers utilized the consumed forage. 

The coefficients of variation for gain and efficiency were greater for Jersey 
heifers fed silage than for Holstein heifers fed silage (45 vs. 24% for gain and 
36 vs. 17% for efficiency, respectively). There was no breed difference for 
heifers fed hay. In this and other trials there have been occasional Jersey 
heifers that when fed only wilted alfalfa silage weighed less than 400 lb. when 
2 yr. of age. The reason for the very large variation in responses of heifers 
fed silage is not known. 

Alfalfa from the same fields harvested as hay produced an average daily 
weight gain of 1.33 lb. in dairy heifers 5-19 mo. of age, whereas the same 
material harvested as wilted silage (averaging 31% D.M.) produced a daily 
gain of only 0.73 lb. The average daily intakes were 12.64 and 8.77 lb. D.M., 
respectively, whereas the average efficiencies were 11.01 and 8.44 lb. gain per 


100 lb. D.M. consumed, respectively. 

In Trial II the body weight gains, D.M. intake, and efficiency of gain were 
greatest for the heifers fed hay, least for those fed D.C. silage, and intermediate 
for those fed haylage (Table 3). In Trial II-b the heifers fed hay had larger 
gains and efficiency of gain than those fed D.C. silage. However, none of the 
dietary treatment differences was statistically significant, and replicates were 
significantly different only in D.M. intake and intake per hundredweight. This 
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was due to differences in ages of calves, which varied from 7 to 20 mo. in Trial 
II-a, and 16 to 22 mo. in Trial II-b. D.M. intake per unit body weight was less 
P < 0.05) for heifers fed D.C. silage in Trial II-b, but there were no such 
differences due to treatment in Trial II-a. 

In Trial ITI (1958 crop) the heifers fed hay and haylage were approximately 
equal in body weight gains, D.M. intake, and in efficiency of gain. However, 
four of the five heifers fed D.C. silage actually decreased in body weight during 
the trial. Those fed this D.C. silage had significantly lower rates of gain, intake, 
intake per hundredweight, and efficiency of gain (P < 0.01) than those fed hay 
or haylage (Table 3). In Trial III age of heifers varied from 15 to 19 mo. and 
there were no differences among replicate groups in any response studied. 

In Trials II and III there were no appreciable differences in response of 
heifers fed heavily wilted silage (48-46% D.M.) and those fed the same mate- 
rial as hay. Those fed D.C. silage did not have as good a response and there 
was a very low response in heifers fed D.C. silage in Trial III compared to a 
reasonable response in heifers fed D.C. silage in Trial II. The reasons for 
the differences noted in the two D.C. silages are not known but presumably 
must be due to differences in the composition or other qualities of the two D.C. 
silages used. The D.M. of these two forages when ensiled were different. In 
Trial IT it was 25.8% and in Trial III 20.5% D.M., and when fed the D.M. 
contents were 28 and 24%, respectively (Table 3). Apparently, the D.M. 
content of forage when ensiled has a large effect on both the subsequent fer- 
mentation process and acceptability of that silage by animals (2, 7, 12). 

Some of the chemical constituents of the hay and silages are presented in 
the lower portion of Table 1. The two D.C. silages differed in their content of 
crude fiber, ammoniacal nitrogen, lactic, butyric, and propionic acids. Further 
studies are needed to determine if these and/or other constituents play a role 
in determining the extent of the response of heifers receiving silages. 

In Trial IV the heifers fed limited amounts of hay had slightly lawer D.M. 
intakes but significantly larger gains (P < 0.01) than did their pair-fed heifers 
receiving silage (bottom portion, Table 4). In this trial the lower rate of gain 
and higher efficiency of gain in heifers fed limited amounts of hay were not 
statistically significantly different from the values for heifers fed hay ad libitum 
Table 4). Large individual variations were responsible for this lack of sig- 
nificance in these differences. 

In this trial two of the heifers received wilted alfalfa silage and their pair- 
mates received a commercial U.S. No. 1 alfalfa hay. The three other heifers 
received D.C. silage, whereas their pair mates received hay cut simultaneously 
from the same field. The same comparative result was obtained with each rep- 
licate group, so that these factors did not influence the significance of the dif- 
ferences observed. It is of interest to note that two of the three heifers fed 
D.C. silage decreased in body weight, whereas both heifers fed wilted silage 
had a slight increase (+ .08 lb/day) in body weight. 

Although this trial may have certain inadequacies, the results definitely 
indicate that the nutritive value of dry matter from hay was superior to that 
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from either of the two silages used for growing dairy heifers at 8 or 18 mo. of age. 

These three trials extend and confirm previous results indicating that heifers 
7 to 20 mo. of age fed hay have a higher rate of growth and voluntary intake 
than contemporary heifers fed D.C. or regularly wilted silage, even when the 
forage was from the same source. Further, the trials demonstrate a difference 
in response to various silages. The silages made by wilting to more than 43% 
dry matter were practically equal to hay for growing heifers. The same mate- 
rial ensiled by the direct cut process was inferior to the high dry matter silage 
or hay. However, a large difference in comparative response between silages 
made in different years by the direct-cut procedure was demonstrated. It is 
suggested that the dry matter content of the forage at ensiling time and the 
resulting difference in fermentation are important factors in determining the 
acceptability of the resulting silage and the performance rate of animals fed 
the silage. 

These and related factors affecting forage consumption by dairy animals 
are more fully discussed elsewhere (2, 7). 

Heifers at any age studied (7 to 19 mo.) gained less when fed silage than 
when fed hay and the conclusion appears justified that age of heifer used did 
not alter the comparative performance when fed solely on hay or silage. The 
growth of heifers in Trial I up to 5 mo. of age indicate that silage can suc- 
cessfully be used even in the diet of very young calves when fed in addition to 
hay, grain, and milk. This is similar to the results of others (8). However, 
the suggestion mentioned earlier (10), that silage might be successfully used as 
the sole roughage for heifers over 1 yr. of age, was not confirmed in these in- 
vestigations when D.C. or the usual wilted silages were fed. 
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NUTRITIVE VALUE OF REED CANARYGRASS AS HAY WHEN GROWN 
WITH VARIOUS NITROGEN LEVELS? - 


W. V. CHALUPA, J. L. CASON,’ anp B. R. BAUMGARDT * 
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SUMMARY 


A total collection digestion trial was carried out with four dairy heifers in a + x 4 
Latin-square extra-period design. The rations fed were second-cutting alfalfa hay and 
three reed canarvgrass hays, the latter fertilized at the rates of 0, 100, or 200 lb. of 
nitrogen per acre. The reed canarygrass hay fertilized with 200 lb. of nitrogen per acre 
was equal or superior to the alfalfa hay in the digestibility of protein, fiber, ether 
extract, and energy, and in the amounts of TDN (@) and DE (eal/g). A close relation- 
ship between the DE and TDN methods of forage evaluation was expressed in the 
correlation coefficient of +0.736. Digestible energy can be expressed in terms of TDN 
through the linear regression equation Y = 731.23 + 31.30X [Y = digestible energy 
eal/g): X = total digestible nutrients (% 











A roughage is considered the basic and most economical constituent of 
ruminant rations. While no single roughage is a complete and perfect ration. a 
high-quality palatable roughage containing adequate protein approaches this 
ideal. Much attention has been focused on improving yield, chemical composi- 
tion, and digestibility of grass hays through nitrogen fertilization. 

Many workers. as reviewed by Chalupa (5), have conducted experiments 
which indicate that applications from 100 up to 900 lb. of nitrogen per acre 
increase vield, percentages of crude protein and ether extract, and gross energy 
eal g): whereas, percentages of crude fiber, nitrogen-free extract (NFE). and 
ash are decreased slightly. Other workers (3, 12) have shown that the di- 
gestibility of protein. crude fiber, and ether extract, as well as total digestible 
nutrients (TDN) and digestible energy (DE). are increased with increasing 
applications of nitrogen. 

Reed canarygrass (Phalaris arundinacea) is a highly adaptive grass (§ 
and there is little information available concerning its response to nitrogen 
fertilization. The following study was undertaken to determine the effect of 
nitrogen fertilization on the nutritive value of reed canarygrass hays, and the 
nitrogen balance of dairy heifers fed these hays. The TDN and DE methods of 


forage evaluation were compared for these hays. 
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NUTRITIVE VALUE OF REED CANARYGRASS 





EXPERIMENTAL PROCEDURE 

Four 12-mo.-old purebred Holstein dairy heifers were used as experimental 
animals in an extra-period 4 X 4 Latin-square change-over design. The collee- 
tions were carried out in digestion stalls constructed aecording to Horn et al. 

9), with minor modifications. 

The rations, fed twice daily at 8 a.m. and 5 p.M., were second-cutting alfalfa 
serving aS a comparison standard) and three reed canarygrass hays: (1) 
low-N = 0 lb. nitrogen per acre, first cutting; (2) medium-N = 100 lb. nitrogen 
per acre, second cutting; and (3) high-N = 200 lb. nitrogen per acre, second 
cutting. A ten-day preliminary period followed by a seven-day collection 
period was employed. During the first eight days of the preliminary period the 
animals were fed ad libitum to determine their maximum consumption. For 
the remainder of the experimental period they were fed 80% of their previous 
maximum intake. 

Urine was collected in plastic carboys, containing H.SO, and toluene, using 
a Size 20 Bardex hemostatic catheter which was inserted through the urethral 
orifice and inflated with 30 ml. of warm water (6). A sample (1% of the total 
volume) was composited daily and stored for analysis in a refrigerated jar 
containing HeSO, and toluene. Feces fell directly into tared collection pans. 
Samples (1/40th of the total weight) were dried at 100 + 1° C. for 24 hr. 
The daily fecal samples were then composited, allowed to air-equilibrate, 
ground, and stored in air-tight jars. 

Proximate analyses were conducted as outlined by the Association of Official 
Agricultural Chemists (1, 2), with minor modifications. Gross energy was 
determined in a Parr Oxygen Bomb Calorimeter equipped with an adiabatic 
jacket 15). 

The analyses of variance of the extra-period Latin-square design were con- 
ducted as outlined by Lucas (10), and the multiple range test according to 
Dunean (7). Correlation coefficients, regression coefficients, and the linear re- 
gression formula were calculated as outlined by Snedecor (18). 


RESULTS AND DISCUSSION 
The average chemical compositions of the roughages fed in the digestion 
trial are found in Table 1. Increased applications of nitrogen increased the 
crude protein (%), ether extract (%), and gross energy (cal/g), while crude 
fiber (“%) and NFE (%) decreased. Other workers (3, 12, 17) reported similar 
results with grass hays. 





TABLE 1 
Average chemical composition of the rations (air-dry basis) 

Crude Crude Ether Mois- N-free Gross 
Rations Protein Fiber Extract Ash ture Extract Energy 

(%) (cal/g) 

Alfalfa 18.13 24.46 3.17 7.70 10.18 36.36 4,101 
Reed Canarygrass 200 lb. N/A 21.64 22.27 4.68 6.22 9.55 35.64 4,255 
Reed Canarygrass 100 lb. N/A 14.86 25.15 3.80 7.02 9.59 39.58 4,204 
Reed Canarygrass 0 lb. N/A 12.72 26.80 3.25 6.68 9.95 40.60 4,071 
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The application of 200 lb. of nitrogen per acre increased the protein digesti- 
bility of reed canarygrass above that of the comparison standard, alfalfa (Table 
2). The analysis of variance (Table 3) shows the direct effects due to treatment 
to be very highly significant (P < 0.001). The multiple range test (Table 4) 
indicates that the high-N fertilized reed canarygrass is more digestible than either 
low-N or medium-N reed ecanarygrass (P < 0.01) or alfalfa (P < 0.05). Barth 
(3) obtained similar results with reed canarygrass. Markley (12) and Poulton 
(16) reported increased protein digestibility with nitrogen-fertilized bromegrass 
and orchardgrass hays, respectively. 











TABLE 2 
Average apparent digestion coefficients, DE, and TDN of the rations (air-dry basis) 
Crude Crude Ether N-free 
Rations Protein Fiber Extract Extract Energy TDN DE 
(%) (cal/q) 
Alfalfa 73.22 42.65 43.36 67.94 57.19 54.02 2,346 
Reed Canarygrass 200 lb. N/A _ 78.33 49.26 62.53 64.83 63.38 60.42 2,694 
Reed Canarygrass 100 1b. N/A 67.45 61.82 48.80 60.61 57.26 53.63 2,407 


Reed Canarygrass 0 lb. N/A 66.13 67.34 54.03 62.92 60.84 55.91 2,478 





The differences in the digestibility of energy of the hays attributable to 
direct effects of treatments was significant at the 1-% level of probability (Table 
3). The multiple range test (Table 4) indicates that the digestibility of the 
energy of the high-N reed canarygrass hay was greater (P < 0.01) than that 
of the alfalfa and medium-N reed canarygrass hays and greater (P < 0.05) 
than the low-N reed canarygrass hay. 

In order to increase the nutritive value of a forage, it is desirable to increase 
the crude fiber digestion. However, nitrogen fertilization depressed the digesti- 
bility of fiber, even though a smaller percentage of this nutrient was observed 


TABLE 3 


Summary of the analyses of variance 








(Mean squares) 








Source of Period Animal Direct Residual 
variation effects effects effects effects Error 








d.f. 4 3 3 3 5 


Digestion coefficients 
(apparent ) 


Crude protein 4.42 22.73* 144.37 ° AT 3.42 
Crude fiber 37.67 85.82 * 514.29” 24.74 21.82 
Ether extract 418.86 132.11 331.36 61.13 313.05 
N-free extract 31.82 31.55 51.79 3.67 14.12 
Energy 1.80 21.32° 35.71" 271 2.52 
Digestible energy (cal/g) 2,985.98 32,619.92 97,460.77 * 7,291.48 9,604.91 
TDN (%) 18.01 11.76 36.24* 5.79 5.45 








* Significant at the 5% level of probability. 
» Significant at the 1% level of probability. 
© Significant at the 0.1% level of probability. 
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with increasing applications of nitrogen. Apparently, nitrogen fertilization 

+ depressed the more-digestible fraction of the fiber, but there was no change in 

‘ the less-digestible fraction. Barth et al. (3) obtained similar results while 
Markley et al. (12) found a slight increase in crude fiber digestibility attributed 
to nitrogen fertilization. 








TABLE 4 
Multiple range test 
Source of Significant, Significant, 


variation 1% level 5% level 








Digestion coefficients 
(apparent ) 


Crude protein H>L, M; A> L H>A; A>M 
Crude fiber L,M>A, H 
Energy H>A, M HS hh; b> Az 
Digestible energy (cal/q) H>A, M H>L 
TDN (%) H>L>M,A 


The digestibility of ether extract and NFE showed no consistent trends in 
this study. This may be due to errors inherent in the methods: ether extract 
of the feces may have contained metabolic fat as distinguished from undigested 
or absorbed fat; NFE is computed as a difference and may, therefore, contain 
accumulated errors. 

The TDN (%) and DE (eal/g) values for the hays are shown in Table 2. 
The analysis of variance (Table 3) indicated that the direct effects due to 
treatment upon DE and TDN are significant (P < 0.05). From the multiple 
range test, it is apparent that the high-N fertilized reed canarygrass is superior 
to the medium-N and low-N reed canarygrass hays and to the comparison stand- 
ard alfalfa (P < 0.01) in terms of DE and TDN. 

Digestible energy is considered to be the limiting factor in the nutritive value 
of forages. Swift (19), Barth et al. (4), Maedonald (11), and Markley ef al. 

12) indicate there is a close relationship between DE and TDN. Both methods 
of forage evaluation essentially measure feedstuffs to the same degree of avail- 
ability to the animal body. Although TDN is the more common approach, it 
is time-consuming, indirect, and empirical. In this study, the relationship of 
the individual TDN and DE values is expressed by the correlation coefficient 
of +0.736, which is significant at the 1-% level of probability. DE can be 
expressed in terms of TDN through the linear regression formula: 


Y = 31.30X + 731.23 [Y = DE; (cal/g) and X = TDN (%)]. 


The four animals gained weight during the trial. This gain in weight would 
possibly indicate that the animals were in nitrogen equilibrium. Maynard and 
Loosli (13) state that it is important that the animals used for measuring the 
maintenance requirement by the balance technique be in a good state of nutri- 
tion at the start, because the requirement arrived at should be sufficient to 
maintain the protein reserves, not merely to balance losses from the body. The 
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heifers were in positive nitrogen balance throughout the experiment, but the 


results of the individual periods of the Latin-square design were quite variable 


and 
ide! 


appeared to be confounded in some way. Since all four heifers were on 
itical roughage and grain rations prior to the initiation of this study, the 


following data obtained during the first period of the Latin-square design might 
be a better indication of the nitrogen retention than averages of all experimental 


periods: alfalfa = +37.97 g/day, reed canarygrass 200 lb. N/A = +14.85 
g/day, reed canarygrass 100 lb. N/A = +9.20 g/day, reed canarygrass 0 Ib. 


N/A = +4.35 g/day. 


(10) 


(11) 
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LIVABILITY OF PUREBRED VS. CROSSBRED DAIRY CATTLE! 
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AND 


R. W. TOUCHBERRY 
Department of Dairy Science, University of Illinois 
Urbana 


SUMMARY 


The data for this study were obtained from the Illinois Dairy Cattle Crossbreeding 
Project. Only those causes of death were included in the analysis which were considered 
to reflect on the viability, or to show a possible sign of weakness of a breed group. 
Deaths due to ingesting hardware and poisoning were excluded. Significant differences 
in livability between the purebreds and the crossbreds or 34-breds were found in first- 
generation heifers from birth to 1 yr. of age and cows over all lactations, and in second- 
generation heifers from birth to 1 yr. of age and from birth to calving age. In each of 
these cases, over twice as many purebreds were lost from the herds as crossbreds or 
eriss-crosses. The over-all death losses in both generations were 32.7% for purebreds 
and 13.4% for the crossbreds and 34-breds. The mean milk production of the live vs. 
dead cows in each breed group of the first generation was analyzed by the method of 
least squares. A small and nonsignificant difference was found between the production 
of the live and dead animals when considered over all animals regardless of breed, by 
breed of sire, by breed of dam, or by system of mating (purebreeding vs. crossbreeding). 
This indicates that there is little genetic relationship between livability and productive 
level and emphasizes the importance of improving the livability characteristics of dairy 
animals, so that more discretion can be exercised by the dairyman in culling cows. 
Most studies have indicated only a small or no influence of additive genetic variation 
on livability characteristics and, therefore, little chance of improving these characteristies 
by mass selection. However, this study indicates a considerable influence of nonadditive 
genetic factors, or heterosis, on livability and that crossbreeding dairy cattle may 
provide a means for immediate and marked improvement. 





Studies on death losses (6, 7, 11, 14, 18, 21, 23) have shown'that from 6 
to 18% of all conceptions result in full-term stillbirths or nonviable abortions. 
Other studies (1, 3, 18, 14, 15, 17, 18, 21, 22, 23) have reported that of all 
calves alive at birth from 8 to 24% die before 1 yr. of age. It is reported 
(1, 14) that during the period from 1 yr. of age to calving from 7 to 9% of 
all heifers die or leave the herd because of failure to breed. From these reports, 
it can be shown that of all conceptions approximately 12% result in abortions 
or stillbirths and that of all heifer calves born, from 7 to 35% fail to breed or 
die before producing a calf. In these studies, the average death loss of calves 


born was approximately 20%. 


Received for publication January 9, 1961. 


*The data for this study were taken from the Dairy Cattle Crossbreeding Project being 
conducted at the Illinois Agricultural Experiment Station. This project is a cooperative 
project between the Dairy Cattle Research Branch of the ARS, USDA, and the Department 
of Dairy Science of the University of Illinois, and is a contributing project to Regional 
Project NC-2, The Improvement of Dairy Cattle Through Breeding. 
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Studies on dairy cows (2, 4, 5, 12, 19) have shown that the major causes 
of loss have been udder and reproductive difficulties. It has not been uncom- 
mon for these two causes to result in the eventual removal of from one-third 
to one-half of the cows from a herd. In general, no one breed of cows appears 
to have a marked advantage in terms of livability. 

Workers who have investigated the heritability of longevity or fertility 
(8, 9, 16, 19, 20) have coneluded that there is little chance of improving these 
characteristics through mass selection among cows that have calved. 

The purpose of the present study is to determine if livability in dairy 
eattle is influenced by crossbreeding. The term livability as used in this study 
indicates the ability of a cow to stay in a herd without being removed by death, 
disease, or other debilitating abnormalities. Thus, in this study, animals that 
were removed from the herd because of sterility, udder troubles, ete., were 
elassified as having had poor livability, along with those animals that actually 
died. 

SOURCE AND DESCRIPTION OF DATA 


The data in this study were taken from first- and second-generation female 
progeny in the Dairy Cattle Crossbreeding Project at the Illinois Agricultural 
Experiment Station. The first generation consisted of purebred Holsteins and 
Guernseys and two groups of reciprocal crossbreds. Animals in all four breed 
groups were progeny of the same foundation group of purebred Holstein and 
Guernsey dams. Each of the sires used had contemporary purebred and cross- 
bred offspring in the herd. The second generation consisted of purebred Guern- 
seys and Holsteins, 34 Holstein—14 Guernsey, and 34 Guernsey—!4 Holstein 
progeny and were all progeny of first-generation cows and unrelated purebred 
Holstein and Guernsey bulls. Both generations have been included in the calf 
study, but only first-generation cows in the cow study, because so few second- 
generation cows have completed more than one lactation. 

The experiment was designed in such a way that the main difference between 
the purebreds as a group and the crossbreds or criss-crosses as a group was the 
manner in which the germ plasm of the animals in each group was derived, 
either through purebreeding or crossbreeding. The mating plan and conduct 
of the experiment has tended to randomize the effects of additive genetic varia- 
tion and environment over purebreds and crossbreds, leaving any differences 
between the purebreds and crossbreds or criss-crosses due mainly to the effects 
of nonadditive genetic influences, i.e., heterosis. 


ANALYSIS OF DATA AND RESULTS 


Calf losses. The calf data consist of two distinct sets, one from each of the 
first two generations. Death losses in these data have been separated into two 
categories, those reflecting in any way a sign of weakness or lack of viability of 
the breed group, and those that are strictly accidental deaths, apparently due 
entirely to chance. In these first two generation groups, three deaths were put 
in the latter category, one calf that was poisoned, one that caught her neck in 
a feed bunk and strangled, and one calf that died of hardware penetration of 
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the heart (traumatic pericarditis). The number of calves that died in each 
breed group from causes that may reflect a weakness of that breed group are 
listed and categorized according to cause of death in Table 1. Each death 
attributed to a specific disease or abnormality is supported by veterinary diag- 
nosis. In the single case where the cause of death was not determined, post- 
mortem examination ruled out poisoning and hardware. It is interesting to 
note the shortage of purebred Guernseys in the second generation. This is due 
in part to the higher death losses among the first-generation Guernseys. 











TABLE 1 
Causes and per cent of calf losses by breed groups in the first two generations 

Cause of First generation Second generation 

removal - — 

from herd H HdG2 GdH? G H % H % G G 
Total born 35 30 33 30 58 53 48 24 
Total died 5 2 5 10 11 3 4 5 
Per cent died 14.3 6.7 15.2 33.3 19.0 5.7 8.3 20.8 
Born dead 1 + 4 1 1 
Weak at birth 1 1 2 1 
Pneumonia 1 3 2 1 2 
Gastroenteritis 1 1 
Peritonitis 1 1 
Sterile 2 4 2 1 
Freemartin 1 1 1 1 
Parasites 1 
Hypoplasia of cerebellum 1 
Cause undetermined r 





The results of the Chi-square test of differences in death losses between 
first-generation purebreds and crossbreds and between second-generation pure- 
breds and 34-breds are shown in Table 2. In each generation, over twice as 
many purebreds as crossbreds have been lost prior to calving, even though in 
the second generation there were about 20% more 34-breds born than purebreds. 
These differences in the second generation are significant at the 2% level. This 
rather large difference in death rate seems to reflect a definite inability of the 
purebreds to survive to calving age, as well as the crossbred heifers, even under 
the fairly high level of environment in which they were raised. It is possible 
that in a less desirable environment than was provided for these animals, the 
difference in losses between the purebreds and the crossbreds and criss-crosses 
might have been greater than was found in this study. It appears that the 
erossbreds are particularly more able to withstand the rigors of birth and the 
common calfhood diseases. The difference in losses up to 1 yr. of age is sig- 
nificant at the 5% level in both generations, favoring the crossbred heifers in 
each case. It can be noted in Table 2 that except for the 24-mo. and older age 
bracket in the first generation, the number of purebreds lost in each age group 
is larger than the number of crossbreds, in both generations. To date, in the 
third generation, ten out of 55 purebreds and four out of 55 5¢-breds have been 
lost. This difference is significant at the 10% level of probability. Thus, the 
trend in these data is continuing so far in the third generation. 
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TABLE 2 
Losses from death, sterility, ete., of purebreds, crossbreds, and %4-breds 


Total at 


start of Number Per cent Significance 
period dead dead x° level 
First generation 

Birth to calving 
Purebreds 65 15 23.1 3.22 10 
Crossbreds 63 7 11.1 

Birth to 12 mo. 
Purebreds 65 10 15.4 3.96 .05 
Crossbreds 63 3 4.8 

12 to 24 mo. 
Purebreds 55 3 5.5 1.24 .30 
Crossbreds 60 1 1.7 

24 mo. and older 
Purebreds 52 2 3.8 0.10 75 
Crossbreds 59 3 5.1 

Second generation 

Birth to calving 
Purebreds 82 16 19.5 6.51 .02 
% -breds 101 7 6.9 

Birth to 12 mo. 
Purebreds 82 11 13.4 4.06 .05 
*% -breds 101 5 5.0 

12 to 24 mo. 
Purebreds 71 2 2.3 0.11 75 
%4 -breds 96 1 1.0 

24 mo. and older 
Purebreds 69 3 + 4.3 1.83 20 
*% -breds 95 1 1.1 


Cow losses. The death losses among first-generation progeny that produced 
at least one calf before leaving the herd are shown in Table 3. Thirty-one per 
cent of the Holstein cows and 42.1% of the Guernsey cows were removed from 
the herd because of some sickness or disease, whereas only 16.0 and 14.8% of 
the two crossbred groups, respectively, have been lost from similar causes. Four 
cases of death from hardware have been omiited. Tests of the differences in 
death losses between purebred and crossbred first-generation cows are shown 
1 Table 4. The difference in death losses over all lactations is significant at the 
5% level in favor of the crossbreds. This is an indication that the trend found 
in the calf data apparently continues all the way through life, with the cross- 


ll 
9 


breds being decidedly less susceptible to sickness, disease, and reproductive 
difficulties than are the purebreds. 

Upon finding a significant difference in the rate of death loss between the 
purebred and crossbred cows, the question of the relationship between level of 
production and susceptibility to death presented itself. The importance of the 
difference in livability of the crossbred and purebred cows is really dependent 
on the relative level of production of the cows that tend to be lost from each 
group. To estimate this relationship, the milk production of all cows included 
in Table 3 that had completed at least one record was analyzed by the method 


of least squares. The cows were first subclassified within breed groups according 
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TABLE 3 
Losses among first-generation progeny that calved at least once before leaving herd 


Holsteins Hd xXGQ Gd3xXHQ  Guernseys 

















Total cows 29 25 27 19 
Total leaving herd for cause 9 4+ 4 8 
Per cent leaving herd for cause 31.0 16.0 14.8 42.1 
Reasons for leaving herd 

Reproductive difficulties 3 1 1 4 

Mastitis 2 2 1 

Bloat 2 1 

Tuberculosis 1 

Lameness 1 1 

Brucellosis 1 

Pneumonia 2 

Undetermined iy 19%* 





* Died suddenly—no hardware or symptoms of poisoning found. 
** Became sick after calving, lost weight, milked poorly. 


to whether they had left the herd for the causes listed in Table 3. To facilitate 
terminology, the cows leaving the herd for causes listed in Table 3 are called 
the dead group, and the remaining cows, the live group. 

The relative productive level of each cow was estimated by weighting the 
mean of her 2 X, 305-day M.E. milk records by the inverse of the variance of 
the mean of those records. The weighted subclass means were then used to 
calculate the least-squares constants, using the orthogonal comparisons derived 
from the model 


Yijri — + Ay = a b; + abi; + Cy T Aix + be j. + abeijx, + CijKl 


where yj, is the weighted mean of the records of any cow, a; is the breed of 
sire (Holstein or Guernsey), b; is the breed of dam (Holstein or Guernsey), 
and c, represents the two subgroups within each breed group, live group, and 
dead group. The standard error of these constants was calculated according 
to the method described by Harvey (10). In brief, this consists of calculating 
the appropriate diagonal element of the inverse of the matrix of subclass 
numbers. The standard error of any constant is then the square root of the 
product of the appropriate diagonal element of the inverse matrix times the 
appropriate pooled error variance. The pertinent results of the least-squares 
analysis are shown in Table 5. 

Table 5 reveals almost no difference in milk production between the live 
and dead groups, among either the Holsteins or Guernseys. The differences 
between the live and dead groups in the crossbreds is apparently due to sam- 
pling errors, which would probably be quite large in these two groups, due to 
the small number of cows that died. The constants in Table 5 indicate that no 
difference in level of milk production between the live and dead groups was 
detected when considered over all animals regardless of breed group, by breed 
of sire, by breed of dam, or by system of mating. In other words, this analysis 
points out the random manner in which premature death has struck the high- 
and low-producing cows of this project. 
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TABLE 4 


Death losses among first-generation purebred vs. crossbred cows 

















Significance 
Purebreds Crossbreds x° level 
Number calved at least once 48 52 
Number leaving herd for cause 
in all lactations 17 8 5.34 .025 
Per cent 35.4 15.4 
Losses in Lactations 1 and 2 
Number starting first lactation 48 52 
Number leaving herd for cause 5 2 1.66 .20 
Per cent 10.4 3.8 
Losses in Lactations 3 and 4 
Number starting third lactation 43 50 
Number leaving herd for cause 9 + 3.22 10 
Per cent 20.9 8.0 
Losses in Lactations 5 and 6 
Number starting fifth lactation 34 46 
Number leaving herd for cause 3 2 .67 50 
Per cent 8.8 4.3 
TABLE 5 





Weighted subelass means and constants for least-squares analysis of relation between level of 


milk production and death losses 








Weighted mean 




















Breed group milk production (lb.) 
Holsteins 
Live 12,931 
Dead 12,954 
Crossbreds (H d X GQ) 
Live 9,701 
Dead 10,505 
Crossbreds (Gd X H Q) 
Live 8,128 
Dead 7,422 
Guernseys 
Live 5,193 
Dead 5,315 
Effect* Constant S.E. 
Ck —30 246 
ACik —176 246 
bejx 201 246 
abCi jr =—@ 246 





* a, = Breed of sire (Holstein or Guernsey). 
by; = Breed of dam (Holstein or Guernsey). 
ce = Live group vs. dead group. 
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DISCUSSION OF RESULTS 


The importance of dairy cows being able to live a long, healthy, and profitable 
life is unquestionable, whether it be on the ubiquitous family farm or in the 
specialized milk-factory system found on the West Coast. This does not neces- 
sarily mean that all cows should be kept in the herd for as long as possible, 
since rate of genetic progress through selection is in part a function of genera- 
tion length and selection differential. The real place for gain through greater 
livability is in reducing the rate of loss of animals from inherent weakness and 
susceptibility to disease and thereby increasing the proportion of cows that 
ean be advantageously culled as part of a selection program. The review of the 
literature on death losses has indicated that heritability of longevity and fertility 
among cows that calved is practically zero. This would indicate little additive 
genetic influence over these characteristics and probably little hope for improve- 
ment through mass selection for longevity. However, the results of this study 
indicate that the influence of nonadditive genetic factors may well provide a 
means for considerable and for quite rapid improvement in the livability charac- 
teristics of dairy cattle. An examination of Table 1 indicates that well over 
half of the losses incurred before calving age resulted from failure to survive 
birth or inability to withstand the common calfhood diseases. This is probably 
a representative picture of conditions throughout the industry. The early part 
of life for most animals is the most crucial from the point of view of probability 
of survival. As seen in Table 2, crossbreeding has resulted in a significantly 
lower death rate than purebreeding up to 12 mo. of age in both generations. 
The genetic diversity resulting from crossbreeding seems to have imparted a 
significantly higher survival rate on the crossbred calves. Between the age of 
1 yr. and ealving age, the principal cause of death loss in this project has been 
reproductive difficulties. This again is probably typical of the industry as a 
whole. There is little difference between purebred and crossbred heifers in 
losses due to reproductive troubles. However, reproductive difficulties con- 
stituted the largest single cause of the significant difference in death losses be- 
tween purebred and crossbred cows. 

A comparison of the number of calves born in the purebred and crossbred 
groups, and the number of cows surviving through the sixth lactation, will 
demonstrate vividly what the advantage in livability enjoyed by the crossbreds 
would mean to a dairyman. Of 65 purebred heifer calves born, only 31 sur- 
vived through the sixth lactation. Of 63 crossbred heifers born, 44 survived 
through the sixth lactation. Perhaps a more practical consideration would be 
to consider just the first and second lactations, since the average cow in the 
United States completes between two and three lactations. Of 65 purebred 
heifers born, 20 failed to complete two lactations for causes which reflect a 
sign of weakness on the breed group, while only nine of 63 crossbreds were lost 
for the same reasons. This difference is significant at the 5% level. From the 
purely practical aspect, this means that the dairyman with a crossbred herd 
would have lost only about one-half as many animals due to weakness and dis- 
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ease as the dairyman with purebreds and, therefore, would have been able to 
cull many more animals as part of a selection program. 

When the figures in Table 5 are considered, the differences in death losses 
of cows shown in Table 3 assume added significance. The figures in Table 5 
indicate that death from weakness and disease seems to strike the higher pro- 
ducers and lower producers in a more or less random manner. Thus, death is 
about as likely to remove one of the cows that would normally be kept in the 
herd as it is to remove one of the cows that would be culled. Therefore, it is 
of primary importance to decrease death losses and give the dairyman more of 
a chance to cull the cows that should be culled and still maintain his herd size. 

A flat recommendation should not be made to purebred breeders that they 
erossbreed in order to increase the livability of their stock. Obviously, the 
economies of losing the purebred identity of a herd would in many cases more 
than offset the advantage of the more hardy crossbred animals. However, from 
the consideration of herd health and longevity, there would seem to be a real 
place for crossbreeding in the management program of the average commercial 
dairyman keeping a grade herd. This implies a man whose cows have no value 
over beef prices on the open market. This category would include the majority 
of dairymen in this country. 
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PROGESTINS IN CORPORA LUTEA, OVARIES, AND ADRENALS 
AFTER ESTRUS AND BREEDING OF NORMAL 
AND ABNORMAL COWS * 


R. E. ERB anp F. STORMSHAK * 


Department of Dairy Science, Washington State University, Pullman 


SUMMARY 


Progesterone and A*-pregnene-20 S-ol-3-one (progestins) were separately determined 
in the corpus luteum, ovaries, and adrenals. A total of 77 animals was studied and 53 
were considered reproductively normal at the time of slaughter. Progestin content of the 
corpus albicans prior to ovulation ranged from 0 to 24 ug. Progestin concentration per 
gram was high in the developing corpus luteum on the second and third days of the cycle, 
but the total quantity was generally less than 100 ug. until after the sixth day. Maximum 
quantities were observed at 14-16 days (six cows averaged 251 yg.). Decline in concentra- 
tion and total progestins was not marked until near the time of an expected estrus. 
During pregnancy, the average level for seven cows was 161 pg. at 25-34 days and for 
six cows, 250 wg. at 37-42 days. The differences were also reflected in concentration, since 
the weight of the corpus luteum was, on the average, essentially constant. Neither size 
nor progestin content of the ovaries and adrenals varied appreciably among these cows. 
Adrenals of four cows 8-22 days post-partum were large (average 46 g.) and contained 
about four times more progestins than is generally observed (66 yg.). The progestin 
content of the corpus luteum of repeat breeders was not unlike normal animals in a 
similar stage of the estrous cycle. The corpora lutea and fluids from cystic follicles 
generally had less progestins than luteal cysts or the fluid they contained. One cow with 
a dead embryo at 20 days postbreeding had only 8 pg. of progestins in the corpus luteum. 





. 


Edgar and Ronaldson (2) observed that progesterone concentration in 
ovarian venous blood of ewes increased most rapidly from Days 4-7 and peaked 
on Day 14 of the estrous cycle. The quantity of progesterone in the blood leav- 
ing the ovary of the ewe, at least during the proliferative stages of the corpus 
luteum (CL), coincides well with its increase in size and histological evidence 
of secretory activity. Though the histological changes in the CL have been 
described in some detail for the cycling (1) and early pregnant (3) cow, rela- 
tively little is known about how these changes coincide with progesterone levels. 
Progesterone concentration is over 30 ug/g of CL at the 14th day in cycling (5, 
16) and pregnant cows (16), and these levels decline by 28 days (16). Prog- 
esterone and A*-pregnene-20 -ol-3-one (20 8-ol) are significantly higher in CL 
from 16 to 89 (33.6 ng/g) than at 90 to 179 (20.4 »g/g) or after 180 days 
(27.5 pwg/g) of pregnaney (14). The present work was undertaken to quanti- 
tatively estimate progestin levels in CL ovaries and adrenals of cows at inter- 
vals after estrus and breeding. During the study, cows with abnormal repro- 
duction were also available for study and these are reported for comparative 
purposes. 
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MATERIALS AND METHODS 


Ovaries and adrenals of cows with known breeding histories were removed 
at the time of slaughter. The CL was removed from the ovary bearing it and 
the tissues were separately frozen in solid CO2 and stored at —25° C. until 
prepared for assay. A total of 77 animals was studied and 53 were considered 
reproductively normal at the time of slaughter. Thirteen of the animals were 
from Kansas State University and eight were from the University of Idaho 
dairy herds. Ovaries and adrenals were not available for the Kansas cows. 
Adrenals were not available for three Idaho cows. 

In cases where cows were bred at the last estrus, the reproductive tracts 
were flushed with distilled water and the contents examined under a wide-field 
dissecting microscope. 

Progesterone and 20 £-ol (progestins) were separately determined in CL 
and the combined ovaries and adrenals of individual cows, using the method of 
Stormshak et al. (15). 


RESULTS AND DISCUSSION 


Estrous cycle. Among four cows slaughtered after estrus but before ovula- 
tion, three had corpus albicans from the previous cycle and two of these con- 
tained measurable quantities of progestins (Table 1). All had follicles near 
18 mm. in diameter. By two to three days after start of estrus the developing 
CL varied from 0.7 to 1.7 g. and the average concentration of progestins was 
69 »g/g. At four to five days (three cows) the CL had doubled in weight, but 
the concentration was only 28.5 ng/g and the total progestins were lower than 
at two to three days. Though not shown in Table 1, the concentration and total 
progestins were distinctly lower in two of the three cows at three and four days 
than for two cows at two days and two cows at five days. These differences may 
be caused by delayed ovulation or by changes in development. According to 
Cupps et al. (1), the cells of the theca interna reach maximum size at estrus 
and appear to regress without histological signs of luteinization until eight 
days after estrus. The granulosa cells enlarge during heat and become very 
compact and show signs of luteinization on the second day of the cycle. By the 
sixth day some are fully luteinized. By Day 12 luteinization of theca and 
granulosa cells was complete and indistinguishable, and signs of regression 
were noted by Day 16 (1). 

Changes in progestin level for Days 6-9 can not be evaluated in Table 1. 
The CL of the cow at six days was probably precocious in size, though the 
concentration and total progestins present fell within the four- to five-day range. 
Likewise, one cow at Day 9 showed levels within the ten- to 11-day range. Con- 
sidering all cows from ten to 16 days, it appears that the CL reaches near 
maximum size by the tenth day, but that progestin concentration and total 
present are consistently higher at 14-16 days. This latter observation is not 
inconsistent with histological observations previously described (1). 

Though bred and unbred cows are separately shown in Table 1, there is 
evidence that this separation is unnecessary. Foley and Greenstein (3), using 
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CL from cows in early pregnancy, classified the various lutein cells into five 
types. Their Type I (immature) and Type II (mature) cells are considered 
functional and predominate in the normal pregnant cow from 16-28 days. The 
histological picture appears similar at 16 days in the nonpregnant (1) and 
pregnant cow (3). Loy et al. (9) found a significant correlation between 
functional cells (3) and progesterone concentration in the 14-day CL of 
heifers given progesterone the first day of the cycle, but the control correlation 
was —0.07. Foote et al. (5), using 14-day CL from normal and repeat. breeder 
heifers, similarly observed a significant correlation of 0.57. Previous studies 
have shown that progesterone content of 14-day CL averages between 30-35 
pg/g for normal (5, 16) and repeat breeder heifers (5) and pregnant heifers 
(16). When 20 f-ol is added to progesterone in 14-day pregnant animals, the 
average is 41.1 ng/g of CL (16). This level is almost identical to the averages 
in Table 1 for 14-16 day CL of cows bred at the previous estrus but not preg- 
nant at slaughter. 

After 16 days, progesterone concentration generally declined, even though 
the CL did not decline in weight. This decline in concentration appeared most 
rapid between 22-24 days. Though the CL of the three cows in this group were 
large, the progestin content was roughly one-fourth the earlier level. These 
results indicate that the CL regresses very rapidly in size just prior to estrus 
and that reduction in progestins precedes this by 24-28 hr. Edgar and Ron- 
aldson (2) found that progesterone in ovarian vein blood of the cycling ewe 
reached near-maximum levels by Day 8 and remained high until about one day 
before the next estrus. 

Progesterone level is closely associated with follicle growth, particularly as 
it relates to mitotic cell division of the thecal and granulosa layers. Cupps et al. 
(1) deseribes the first growth phase of the follicle as taking place during the 
third to fifth day of the cycle, an event coinciding with the lowest quantities 
of progesterone in the developing CL of the cow (Table 1) or the ovarian vein 
blood of the ewe (2). The high progestin content at mid-cycle (Table 1) com- 
pares with little or no mitotic activity in the two cell layers of the follicle. The 
second growth phase, primarily cell hypertrophy and infiltration of mast cells 
and eosinophils into the ovary, is most rapid during late proestrus and estrus 
(1). Table 1 shows that progestins in the normally aging CL are lowest during 
this period and suggests that progestin levels of about 100 ug. are associated 
with absence of heat and inhibition of follicle development at least beyond 10 to 
15 mm. in size. 

Early pregnancy. The data for early pregnancy (Table 1) indicate that 
high levels of progestins in the CL are maintained for at least 42 days. The 
range in concentration of progestins was from 19 to 67 »g/g of CL from 16 to 
42 days of pregnancy. Omitting the highest and lowest values reduces the range 
from 22 to 47 ng/g. From 45 to 85 days the results were much more variable. 
Thirteen cows ranged from 7 to 71 ug/g, five were below 20 ng/g, and four were 
above 50 wg/g. (14). There is also evidence (Table 1) that progestin concen- 
trations are lower at 25-34 days of pregnancy than at 37-42 days (P < 0.10). 
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However, total quantities present are not significantly different at P < 0.10. 
The 25-34 day levels agree well with the average of 26 ug/g observed at 28 days 
of pregnancy by Zimbelman et al. (16). At 42 days the two groups of data are 
not in agreement, being 19 »g/g for 42 days of pregnancy (16) and 40.3 pg/g 
for 37-42 days (Table 1). 

Ovaries and adrenals. Thirty-one pairs of ovaries of nonpregnant cows 
averaged 16.1 g., which is very little different from the average of 15.6 g. re- 
ported previously for 54 pairs of ovaries from pregnant cows (14). Neither was 
there any difference in size of adrenals, averaging 24.4 g. for nonpregnant cows 
and 24.2 for pregnant cows (14). As previously noted for pregnant cows (14), 
the ovaries and adrenals of nonpregnant cows have relatively low quantities of 
progestins. 

The adrenals from six cows (one to three days of the cycle) and two at 18-20 
days all had sufficient quantities of progestins for accurate quantitation. The 
concentration was about twice the amount of progestins present at other times. 
Data like these only suggest that the bovine adrenal may be a significant source 
of progesterone, particularly when quantities in the ovary are low. One cow 
on Day 1 of the cycle had adrenals weighing 29 g., containing 90 yg. of prog- 
esterone. The Day 3 cow mentioned earlier, with only 7 yg. of progestins in 
the CL, had 21 yg. in the ovaries and 65 yg. in 38 g. of adrenals. 

Post-partum. Results for four cows are shown in Table 2. No CL were 
present in the ovaries of three and in none of these was it possible to measure 
the progestins accurately. The adrenals of three were considerably above 
average in weight and all contained a considerable quantity of progestins, the 
highest being Cow 4 with 117 ug. The results suggest the need for closer 
serutiny of the adrenal at this time as a possible reason for anestrus in the 
early post-partum cow. 

Abnormal cows. Data for 20 cows, distinctly abnormal reproductively, are 
shown in Table 2. The five cows classified as repeat breeders were placed in this 
category because no gross abnormalities were observed at slaughter and none 
was bred at the estrus subsequent to slaughter. The ratio of 20 B-ol to prog- 
esterone was quite variable and shows no consistent pattern in this group of 
animals. The concentrations of progestins in the CL, ovaries, and adrenals 
were not unlike those shown for cows in a similar stage of the cycle in Table 1. 
The results are in general agreement with Foote et al. (5), in that they observed 
no difference in the progesterone levels of normal and repeat breeder heifers. 

Two other repeat breeders (10 and 11) had abnormal embryos. In Cow 10, 
the embryo was quite degenerate, and though the corpus luteum weighed 3.0 g., 
it contained only 8 yg. of progestins. Cow 11 was carrying twins at 42 days, 
one of which was degenerating. This cow had an above-average level of prog- 
estins in the CL and the remaining portions of the ovaries. The third cow, 12, 
had conceived on one service, but probably would have aborted in a few days had 
she not been slaughtered. This cow at 118 days had a small CL (3.6 g.) but a 
high concentration of progestins per gram. The total quantity present was, 
however, no higher than in other cows in a similar stage of pregnancy (14). 
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None of the five cows with follicular-type cysts could be classified as a 
nymphomaniac, though all showed some gross symptoms of low-grade estrus. 
Two samples of follicular fluid each showed traces of progestins, but the quan- 
tity was not as high as the levels found in luteal cyst fluid. Heifer 18 is a 
special case, in that she had no organized luteal tissue but a high level of 
progestins in the ovaries (12.6 ug/g, or a total of 304 ug.). 

The concentration of progestins in the three cows with luteal cyst fluid was 
on an average considerably lower than for the solid portions of the luteal cysts. 
Cow 16 was perhaps an unusual case, though some described by McEntee (10) 
appear generally similar. This cow had an apparently normal estrus four days 
before slaughter. One follicle had ruptured and a normal-appearing CL was 
forming. Another follicle on the same ovary was large and contained 23 ml. 
of fluid. Two other darkened CL were on the ovary. The three CL combined 
weighed 5.5 g. This ovary after fluid and CL removal weighed 19 g. The oceur- 
rence of large luteal cysts in cattle has been described (7, 10) and these may 
form in ovulatory or anovulatory follicles. 

Exogenous progesterone has variable effects on the CL, depending on quan- 
tity administered, time of cycle or stage of early pregnancy, duration of treat- 
ment, and species (4, 9, 13, 17). As reviewed by Loy et al. (9), progesterone 
may prevent heat and ovulation without interfering with follicular develop- 
ment. There is evidence that estrogen is associated with greater luteinizing 
hormone (LH) activity and that this activity in swine is depressed by prog- 
esterone (4). Species differences may be considerable. Whether the degree of 
LH activity results from a production or release mechanism is unknown, though 
appreciable amounts of LH are found in the cow pituitary at all stages of the 
eyele (1). The quantity of LH in the pituitary varies significantly between 
days of the cycle, with levels being generally higher on the third and eighth 
days of the cyele (1). One postulation is that LH is more deficient or its re- 
lease more inhibited when cystic follicles develop than when luteal cysts develop 
(10). If this postulation is true, then the two types of cysts could develop from 
a common defect (10). Levels of progestins in the CL and fluid from follicle- 
type cysts are generally lower than for the luteal types (Table 2). These ob- 
servations, combined with observations in Table 1, suggest that optimum ratios 
of estrogen and progestins may be more important than specific levels of either 
type of hormone (9). 

DISCUSSION 

Progestins are essential for maintenance of pregnancy and, as earlier re- 
viewed (6, 14), the principal source of the progestins appears to vary among 
species. Progesterone therapy during early pregnancy, in attempts to improve 
embryo maintenance, has resulted in conflicting results. Exogenous progesterone 
apparently has little or no effect on the pregnant rat (12) or ewe (17), beneficial 
effects in some cows (8) and humans (11), and deleterious effects in swine 
(12, 13). 

In the present study, individual cow variation was a dominating feature of 
the data. The results suggest that progestin content of the corpus luteum has a 
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wide normal range and is either influenced by levels of other hormones or by 
the mechanisms which govern the efficiency of progestin release. After estrus 
but prior to ovulation, progestins are comparatively very low and this decline 
apparently occurs during the preceding two to three days. The difficulty of 
interpreting levels of hormone in glands which produce them, in terms of 
physiological significance, is recognized. But as reviewed earlier in the paper, 
the observations are not inconsistent with histological evidence (1, 3) and more 
direct comparisons (2, 5, 9, 13). 

Though concentrations of progesterone and 20 £-ol are separately shown for 
CL in Tables 1 and 2, discussion was purposely limited to their combined values. 
Both show biological activity and 20 f-ol is presumably a metabolite of prog- 
esterone. Therefore, 20 8-ol may be higher or lower, depending on variable time 
between slaughter and storage in a deep frozen state. No significant differences 
in ratios were observed for pregnant cows and previous work indicates that 20 
to 40% of the progestins in CL is 20 B-ol (6, 14). The average was 68% prog- 
esterone for CL from 89 pregnant cows (14), 75% for unbred cycling cows, and 
60% for the bred but nonpregnant cows (Table 1). 
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VARIATION IN ESTRUAL CYCLES OF HOLSTEIN-FRIESIAN CATTLE! 
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and Dairy Cattle Research Branch, USDA, Madison, Wisconsin 


SUMMARY 


The lengths of intervals between estrual periods were studied in a herd which con- 
sisted of six sire lines of breeding and in which four systems of mating were practiced. 
The distribution and mean lengths of 766 estrual cycles and 191 return intervals from 
221 heifers differed significantly (P < 0.05). The mean lengths were 22.3 days for 
estrual cycles and 25.3 days for return intervals. A repeatability estimate of estrual- 
eycle lengths was calculated for the heifers in each sire line and system of mating. 
Repeatabilities ranged from zero to 0.29 for the sire lines and from 0.02 to 0.21 for the 
systems of mating. 

An analysis of variance showed estrual-cycle length in heifers to be affected sig- 
nificantly by the season of birth and the system of mating. The summer- and spring- 
born heifers had the longest cycles, 25.0 and 25.2 days, whereas the winter- and fall-born 
had cycles averaging 22.2 and 20.9 days, respectively. Daughters of inbred dams had 
the longest mean cycle lengths, 24.9 days for the outbred daughters and 25.6 days for 
the inbred; daughters of outbred dams averaged 20.6 for those that were outbred and 
22.2 for those that were inbred. 

An analysis of variance of the first estrual-cyele length following calving in outbred 
and inbred cows showed a significant interaction of sire line and system of mating. 
Repeatability estimates of the first estrual-cycle length following calving from one 
ealving interval to another of 0.11 (P < 0.10) for the outbreds and-0.06 for the inbreds 
were calculated. 





It is generally accepted that estrus occurs quite regularly throughout the 
year in the cow and that the modal length of the estrual cycle is 21 days. The 
mean length shows considerable variation; much of this variation may be due 
to differences in procedures in obtaining the data, but various tangible factors 
also may have an influence on the variation. 

Effects of feed level, season, year, age, infertile service, and, reproductive 
abnormalities on the estrual-cycle length in cattle have been studied by various 
workers (1, 2, 5-9, 12, 14, 16, 17). Studies on genetic variation in estrual-cycle 
length of cattle, with the exception of breed and individuality, have been lacking. 

This study is an attempt to determine possible effects of sire line and system 
of mating on estrual-cyele length in a herd maintained for experimental studies. 
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MATERIALS AND METHODS 


The data for this study were collected from the Emmons Blaine, Jr., Hol- 
stein-Friesian Herd at Lake Mills, Wisconsin. The estrual cycles included 
in this report were observed during the period from December 21, 1949, to 
December 20, 1955. Hawk et al. (9) made a comparison of the estrual cycles 
and the return intervals which occurred between January 1, 1950, and July 31, 
1953, in this same herd. The herd consists of six unrelated sire lines with four 
systems of mating, as was outlined in that report. 

A sire line ineludes all the descendants (through the male parent) of a 
particular foundation sire and the symbols used to designate the system of 
mating are as follows: O-O, outbred animal from an outbred dam; O-I, outbred 
animal from an inbred dam; I-O, inbred animal from an outbred dam; and I-I, 
inbred animal from an inbred dam. Sire lines were considered to be repre- 
sentative of the Holstein population and treated as a random variable in the 
statistical analyses, while system of mating was treated as a fixed variable. 
The data were analyzed separately for heifers and parous cows. 

Heifers representing all four systems of mating were studied, whereas cows 
from only the O-O and I-O systems were included because of small numbers in 
the other two. The average inbreeding coefficient was 22% in the I-O system 
of mating for both heifers and cows and was 33% in the I-I system of mating 
for the heifers. In addition, outbred control heifers (37 in number) obtained 
by mating O-O dams to nonproject sires in various artificial breeding studs 
contributed data for a portion of the study. . 

The management practices followed in this herd for maintaining environ- 
ment as constant as possible were described by Buch et al. (3), and the standard 
procedures for culling cows from the herd were described by Buch et al. (4). 
All animals over 6 mo. of age were checked for estrus twice daily for 15 to 
30 min. at approximately 12-hr. intervals. An individual was considered to be 
in estrus if mounting by other females was allowed. 

The data were examined in the following steps: (1) the distribution of 
estrual-cycle and return-interval lengths in heifers, (2) the repeatability of 
estrual-cyele and return-interval lengths in heifers, (3) the effects of season of 
birth, sire line, and system of mating on estrual-cycle length in heifers, (4) the 
effect of sire line and system of mating on estrual-cycle length in parous cows, 
and (5) the repeatability of length of the first estrual cycle following calving 
from one calving interval to another in parous cows. 

The study of repeatability of estrual cycles in heifers included all of the 
eyeles occurring from the time an animal became 1 yr. of age until the first in- 
semination. This insemination was at the first estrus on or after 15 mo. of age, 
provided the animal’s reproductive organs were in a satisfactory breeding 
condition as determined by rectal palpation. The interval between the estrus 
of insemination and the return to estrus, if the animal did return, is considered 
as a return interval. Only those return intervals in which no evidence of con- 
ception could be found, ie., presence of uterine contents including palpable 
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membranous material at 35-41 days post-insemination or returning to estrus 
before this time, were included in the study. 

After transforming estrual-cyecle and return-interval lengths to logarithms 
to normalize their distributions, an estimate of repeatability using the method 
of intraclass correlation (15) was obtained. The repeatability of estrual-cycle 
lengths was calculated for each sire line and system of mating, whereas an over- 
all repeatability was caleulated for return-interval lengths due to the small 
numbers of return intervals in the groups. The variances of estrual-cycle length 
within heifer were tested for heterogeneity among sire lines and systems of 
mating. 

An analysis of variance due to season of birth, sire line, and system of 
mating was made by the method of fitting constants (10). Only the two cycle 
lengths of each heifer immediately preceding insemination were used. A mean 
of these two cycles was transformed to a logarithm and the analysis made on 
these transformed means. The season of birth refers to the season in which 
the heifer was born: winter, December 21-March 20; spring, March 21-June 20; 
summer, June 21-September 20; fall, September 21-December 20. 

An analysis of variance of estrual-cycle length in cows was made by the 
method of unweighted means (15), using only the first cycle following a normal 
ealving in each parity. This cycle length was adjusted to remove any effect 
of season of calving and transformed to a logarithmic value for analysis. 
Repeatability of estrual-cycle length from one calving interval to the next, using 
only the first eycle of each parity, was also calculated. Parities in which cystic 
ovaries, retained placenta, or stillbirths occurred were not included. 


RESULTS AND DISCUSSION 


Distribution of estrual-cycle and return-interval lengths. A total of 766 
estrual cycles from the 221 heifers (including 37 control heifers) had an 
arithmetic mean length of 22.3 days and a range of three to 102 days. These 
same animals had a total of 191 return intervals, with a mean of 25.3 days and 
a range of four to 92 days. The mean lengths for estrual cycles and return 
intervals, using transformed data, were 20.1 and 22.3 days, respectively, and 
were found to differ significantly (P < 0.05). The modal length for the estrual 
eycles was 21 days and the number of cycles in this group represented 18.4% 
of the total (Table 1). The corresponding values for the return intervals were 
20 days and 13.1% of the total. 

The means found for the untransformed data are similar to the 24.1 and 
26.4 days for estrual cycles and return intervals reported by Hawk et al. (9), 
which were for the same herd, but included cycles of cows in addition to those 
of heifers. They are considerably lower than the 30.8 days for estrual cycles 
following no service and 34.9 days for cycles following service reported by 
Chapman and Casida (5), as well as those reported by Erb et al. (6), which 
were 29.7 and 38.0 days, respectively. 

These differences are attributed to the closer observation for signs of estrus 
in this herd than in most herds. The fact that many pregnancies lost at an 
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TABLE 1 
Distribution of estrual-cyele and return-interval lengths 
Estrual cycles Return intervals 
Length 
(days) No. % No. % 
<18 97 12.7 24 12.6 
18-23 541 70.6 106 55.5 
24-28 30 3.9 15 7.8 
29-33 12 1.6 1] 5.8 
34-38 16 2.1 5 2.6 
39-43 41 5.3 2 6.3 
>43 29 3.8 18 9. 


766 "100.0 ‘191 100.0 
X*= 31.7; P< 0.01. 


Within 18-23 day range 








Estrual cycles Return intervals 
Length a ws 

(days) No. % No. % 
18 51 6.7 21 11.0 
19 106 13.8 20 10.5 
20 121 15.8 25 13.1 
21 141 18.4 15 7.8 
22 89 11.6 19 10.0 
23 33 4.3 6 3.1 
541 70.6 106 55.5 


X* = 31.7;P < 0.05. 


early stage, which ordinarily go unnoticed, were eliminated from these return 
intervals also tends to lower the mean for return intervals. The effect of age 
(2, 5, 6) may also contribute to the greater means found in the other studies, 
since they included cycles of several parities for many of the cows. 
Estrual-cyele and return-interval lengths were arbitrarily divided into the 
day groups, as shown in Table 1. The distributions of estrual-cycle and return- 
interval lengths were compared by a Chi-square test and found to differ sig- 
nificantly (P < 0.01). The percentages of estrual cycles and return intervals 
less. than 18 days in length are about equal (12.7 vs. 12.6), but a total of 70.6% 
of the estrual cycles fell in the 18-23-day range as compared to 55.5% of the 
return intervals. Since the mode for estrual-cycle length (21 days) was one 
day longer than the mode for return-interval length (20 days), the distribu- 
tions within the 18-23-day range were tested by Chi-square. They were found 
to differ significantly (P < 0.05). The 24-33-day range contains a considerably 
higher percentage of return intervals (13.6%) as compared to estrual cycles 
(5.5% ). This would seem to indicate a delay of return to estrus following in- 
seminations. Whether insemination itself affects cycle length in cattle is 
doubtful. Marion et al. (11), using a vasectomized bull, found that the act of 
mating did not lengthen the subsequent cycle in heifers representing four dairy 
breeds. As suggested by Hawk et al. (9), the average delay of returning to 
estrus following insemination may be due to the incidence of early embryonic 


death. 
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Another possible explanation is based on the assumption of a correlation 
between certain factors causing potential failure in fertilization and greater 
lengths of subsequent cycles. A larger proportion of longer-than-normal inter- 
vals would then be represented in return intervals than in estrual cycles. 

The 34-43-day range contains about equal percentages of estrual cycles and 
return intervals (7.4 vs. 8.9), whereas the percentage of return intervals (9.4) 
over 43 days in length again exceeds the percentage of estrual cycles (3.8). 


TABLE 2 
Repeatability of estrual cycle length 
(intra-heifer correlations) 


Within 
Line lines 
_ for each 
System l 2 3 4 5 6 system 
0-0 11 -22t 05 00 01 01 .03 
O-I 43t .00 .00 15 .33t .21* 
I-O 04 o4** .00 .14 -22* By hag iar 
I-I .00 A9t 01 00 03 02 
Within systems 
foreach line  .05 a .00 .00 10 .20* 
*P < 0.05. 


** P< 0.01. 
No observation. 
+P < 6:20: 


The repeatability of estrual-cycle and return-interval lengths in heifers. 
The repeatability of estrual-cycle length for each sire line and system of mating 
is presented in Table 2. Two of the lines (2 and 6) and two of the systems of 
mating (O-I and I-O) show a significantly greater variation in cycle length 
between heifers than within heifers. In testing for heterogeneity, the within- 
heifer variances among lines were found to differ significantly (P < 0.05), 
whereas the within-heifer variances among systems of mating did not differ 
significantly. It would appear that heifers of some lines were affected more by 
temporary environmental factors, external and internal, than heifers of other 
lines. The system of mating, however, did not affect this sensitivity. Significant 
repeatabilities as high as 0.29 for one line and 0.21 for one system indicate that 
heifer differences may be appreciable under certain conditions. A significant 
repeatability (P< 0.05) for the various line-system-of-mating groups was 
found only in the I-O system of mating in three of the lines (2, 5, and 6). 
Repeatabilities which approached significance (P < 0.10) were found in the 
O-O system of Line 2, the O-I system of Lines 1 and 6, and the I-I system of 
Line 2. Lines 3 and 4 had nonsignificant repeatabilities in all of the systems 
of mating represented. From this, it appears that sire line interacts with the 
system of mating to affect the repeatability of estrual-cycle length. 

Pou et al. (13) reported a repeatability for estrual-cycle length of 0.18. 
Olds and Seath (12) reported values of 0.07 and 0.08 from a study of cycles 
ineluding service cycles. 
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TABLE 3 


Analysis of variance of estrual-cycle length of heifers by method of fitting constants 


Error 
Source D.F. term M.S. 

Season of birth 3 R .045* 
Sire line (L) 5 WwW .014 
System of mating (S) 3 LxS .050** 
Lxs 15 W .007 
Residual interaction (R) 44 .016" 
Within (W) 100 .022 

*Composed of the mean squares of the possible interactions involving season. 

*P < 0.05. 

7? < Gi. 


A total of 105 return intervals representing 33 heifers, having two or more 
return intervals, was used to obtain an estimate of repeatability for return- 
interval length. The variation in return-interval length between heifers did not 
differ significantly from the variation within heifers giving a repeatability of 
0.06. 

The effects of season of birth and system of mating on estrual-cycle length 
in heifers. A total of 171 heifers exhibiting two or more estrual cycles while 
between 12 and 15 mo. of age contributed data for a study of these effects. An 
analysis of variance (Table 3) showed a significant effect of season of birth 
(P < 0.05) and system of mating (P < 0.01). Table 4 shows the mean lengths 
of estrual cycles and the numbers and percentages of estrual cycles whose 
lengths were less than 18 days, from 18 to 23 days, and more than 23 days for 
each season and system. The longer mean estrual-cycle length in the summer- 
and spring-born heifers appears to be due primarily to an increased number 
of long cycles. These animals had 27.9% of their cycles of more than 23 days 
in length, as compared to 8.3 and 14.4% for the fall- and winter-born heifers, 
respectively. 

The significant effect of season of birth of a heifer on the length of her 
estrual cycle is not necessarily an effect of the season of birth itself or even of 


TABLE 4 


Effeets of season of birth and system of mating on estrual-cycle length 





Estrual-cycle length (days) 





<18 18-23 > 23 Summary 

Mean 

Season No % No % No % No length 
Fall 7 14.6 37 77.1 4 8.3 48 20.9 
Winter 14 13.5 75 72.1 15 14.4 104 22.2 
Summer 7 8.1 55 64.0 24 27.9 86 25.0 
Spring 10 9.6 65 62.5 29 27.9 104 25.2 

System 

0-0 24 19.4 84 67.7 16 12.9 124 20.6 
I-O 13 9.8 88 66.7 31 23.5 132 22.2 
O-I | 2.6 26 68.4 1] 29.0 38 24.9 


I-I 0 0.0 34 70.8 14 29.2 48 25.6 
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the season when the cycles occurred. It may be due to some intermediate stage 
of development which would be correlated with season of birth, since these 
estrual cycles were from animals of a constant age (12-15 mo.). 

The longer mean estrual-cycle length in the O-I and I-I heifers appears to 
be due primarily to an absence of short cycles in these animals. Only one cycle 
(2.6% ) was less than 18 days in length, as compared to 19.4 and 9.8% for the 
Q-O and I-O heifers, respectively. The O-O heifers also had fewer cycles more 
than 23 days in length than did the other three groups. 

Sinee heifers from systems of mating in which the dam is inbred (O-I and 
I-I) have longer estrual-cycle lengths than heifers from systems of mating in 
which the dam is outbred (O-O and I-O), a maternal effect seems to be impli- 
cated. A theoretical physiological basis for this effect was not apparent, however, 
in the growth rates or ages at puberty of these animals. 

The effect of sire line, system of mating, and individuality on estrual-cycle 
length in parous cows. A total of 346 first estrual cycles following calving from 
205 cows was included in this study. An analysis of variance (Table 5) showed 


TABLE 5 


Analysis of variance of the first estrual-cycle length following calving in cows by method of 
unweighted means 





Source D.F. M.S. 
Sire line (L) 5 .070 
System of mating (S) 1 .001 
Lxs 5 .104* 


Between cows 193 .043 


*P < 0.05. 


a significant interaction (P < 0.05) of sire line and system of mating. Within 
the systems of mating (Table 6) the sire-line means had ranges of 4.5 days for 
the O-O cows and 11.8 days for the I-O cows. Within the sire lines, the system- 
of-mating means had ranges varying from 1.2 days (Line 6) to 6.8 days (Line 3). 


TABLE 6 


Mean lengths of the first estrual cycle following calving in cows 





Line 
System 7 1 va 2 3 ao, . 5 7 6 ; Av. Range 
0-0 x 95.2 23.9 20.7 23.9 24.6 24.1 23.8 4.5 ; 
I-O 21.7 22.3 27.5 17.5 29.3 25.3 23.5 11.8 
Av. 23.4 23.1 24.1 20.7 27.0 24.7 23.6 
Range 3.5 1.6 6.8 6.4 4.7 1.2 


A repeatability estimate from one calving interval to another of the first 
estrual-cycle length following calving was obtained on 90 cows having 231 
eyeles. The outbreds (O-O) had a repeatability of 0.11, which approached 
significance (P < 0.10), whereas the inbreds (I-O) had a nonsignificant re- 
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peatability of 0.06 which did not differ significantly from the value for the 


outbreds. 


The I-O heifers had a significant repeatability of 0.17, which is considerably 


higher than the value of 0.06 found for the I-O cows. The O-O animals did not 
show such a difference, with repeatabilities of 0.03 and 0.11 for heifers and 


cows, respectively. 


(10 


(11 


(14 


(16 
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EFFECT OF TOTAL DIGESTIBLE NUTRIENT INTAKE FROM BIRTH 
TO FOUR YEARS OF AGE ON GROWTH AND REPRODUCTIVE 
DEVELOPMENT AND PERFORMANCE OF DAIRY BULLS! 


R. J. FLIPSE anp J. O. ALMQUIST 
Dairy Breeding Research Center, Department of Dairy Science 
The Pennsylvania State University, University Park 


SUMMARY 


Neonatal Holstein buli calves were assigned to four levels of energy intake repre- 
senting 70, 100, 115, and 130% of the Nationai Research Council recommended TDN 
allowances for growing dairy calves. The groups were designated L, N, M, and H, 
respectively. Two additional groups were on a changeover at 104 wk. of age—LH 
changed from 70 to 130% and HL from 130 to 70%. Data were collected on growth 
(body weight, height at withers, and heart girth), onset of semen production, and semen 
quantity and quality until the bulls reached 208 wk. of age. The average age at the 
onset of semen production was 61, 45, 41, and 44 wk., respectively, for the L, N, M, 
and H groups. -Comparable figures for body weight at the onset of semen production 
were 523, 643, 675, and 784 lb. 

At 80 wk. of age, the average motile sperm output per ejaculate was 1.15 billion for 
the L group; this was about 50% of that for the H group. After 112 wk. of age there 
was no difference in output of motile sperm per ejaculate associated with level of 
energy intake. 

Between 156 and 208 wk. of age, the H bulls became much slower in sexual reaction 
time than bulls in other groups. During this period weaknesses of the feet and legs 
also became evident in the H bulls. Depletion trials at 4 yr. of age confirmed the rela- 
tively low sexual responses of the H bulls and also showed that M as well as H bulls 
were deficient in their ability to recover response after satiation to a stimulus animal. 
Sperm output and extra-gonadal sperm reserves were similar among bull groups. 

Limited fertility data collected on the L, N, and H groups showed no marked differ- 
ence in fertility attributable to the level of TDN intake. 








Within the past decade much interest has centered on the effects of nutrition 
on reproductive performance of farm animals. A number of reviews on various 
aspects of this subject have appeared; those of Reid (19), Reece (18), and 
Casida (5) provide current appraisals of this area of investigation. Asdell et al. 
(1) have discussed a cooperative regional approach to the problem. 

Much of the work with cattle has involved measuring the response to varia- 
tions in the plane of nutrition, although the results commonly are attributed 
to variations in energy intake. The rationale for the implication of energy (19) 
has been based on the idea that only a limited number of specific nutrients are 
involved in reproduction; some of the nutrients which are involved influence 
appetite and, thus, the energy intake. 
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The present study was undertaken in 1950 to determine specifically the 
effects of variations in energy intake on the growth, reproductive development, 
and reproductive performance of Holstein bulls, whereas other nutrients were 
maintained at adequate and similar levels in all experimental groups. The 
last replications completed the 4-yr. experimental period in 1958. 


EXPERIMENTAL PROCEDURE 

Four levels of energy intake, expressed as total digestible nutrients, were 
tested as to their effects on growth, reproductive development, and subsequent 
reproductive performance of Holstein bulls. The control group (N) received 
the National Research Council recommended allowance for total digestible 
nutrients (TDN) (12). The low group (L) received 70% of this allowance, 
whereas medium (M) and high (H) groups received 115 and 130%, respectively. 
Protein and mineral intakes exceeded the recommended allowances for these 
nutrients and were similar in all groups. Composition of the rations and details 
of feeding and management have appeared in a preliminary report (8). 

Space limitations prevented keeping all 24 experimental animals on trial for 
the full 4-yr. period of experimentation. Thus, as bulls reached 2 yr. (104 wk.) 
of age, random assignments (within each of the four main groups) were made 
as follows: 


Change made 








Experimental at 104 wk. Subgroup No. of 
group of age designation bulls 
L No change L 3 
To H LH 3 
N No change N 3 
Removed from expt. ri 3 
M No change M 3 
Removed from expt. 3 
H No change H 3 
To L HL 3 





Where changes in feeding program were made (LH and HL subgroups), 
they were done gradually over the 8-wk. period of 105 to 112 wk. of age. Ration 
changes were made at 2 yr. of age, to ascertain what effects a specified level of 
energy would have on reproductive performance, and the extent to which early 
nutrition might influence subsequent performance on a different energy level. 

Sexual development and semen production were evaluated as previously 
reported (8). In addition, starting at 3 yr. of age, sexual activity was measured 
using reaction time to ejaculation with a constant stimulus animal. However, 
in some cases it was necessary to introduce a new stimulus animal in order to 
achieve ejaculation. Sexual preparation consisted of 2 min. of restraint and 
one false mount before ejaculation. 

Upon reaching 4 yr. of age, two 2-hr. depletion trials at a seven-day interval 
were conducted with each bull to gather data on sperm output, sperm reserves, 
and behavioral characteristics (9). During the first depletion trial, the bull 
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was permitted to ejaculate voluntarily with a constant-stimulus animal for 
2 hr. or until satiated (no response in 30 min.). One week later, recovery of 
sexual response to the same stimulus animal was measured by comparing the 
number of ejaculates obtained during the first hour of the second trial with the 
number obtained during the first hour of the first trial. After 1 hr. with the 
initial animal, response to new stimulus animals was determined immediately 
by offering three new animals at 20-min. intervals. Extra-gonadal sperm 
reserves were calculated on the basis of sperm output, using the value reported 
by Hale and Almquist (9), that an average of 53.4% of the total sperm reserves 
is removed by adequate depletion. 
RESULTS 

Feed intake was carefully regulated throughout the experiment; each ani- 
mal’s ration was adjusted weekly on the basis of his body weight. Actual feed 
intake at 104 wk. was within 0.5% of the prescribed levels of 70, 100, 115, and 
130% of the recommended allowance for TDN. From 2 to 4 yr. of age, feed con- 
sumption was maintained in all but the H group, when consumption declined 
slightly. During the 4 yr. of the trial the H group consumed an average of 
128% of the recommended allowance. 

The summarized data on body weight, height at withers, and heart girth 
are presented in Table 1. As would be expected, the greatest differences occurred 
during the period of most rapid growth. For example, at 48 wk. the L group 


TABLE 1 


Body weight, height at withers, and heart girth of Holstein bulls on various 
levels of TDN intake 


(Mean of three bulls per group) 











: Group 
Age in ——_—__--—_—— 
weeks L N M H LH HL 
Weight (lb.) 

0 96 95 102 105 102 96 
48 428 669 819 831 395 843 
96 876 1,276 1,510 1,557 847 1,635 
112 1,003 1,438 1,708 1,721 1,077 1,762 
160 1,309 1,776 2,185 2,164 1,757 1,844 
208 1,462 1,945 2,424 2,488 2,117 1,869 

Height at withers (cm.) 

0 74 76 76 77 75 74 
48 107 116 123 122 107 120 
96 128 135 142 140 127 137 
112 134 140 146 145 133 142 
160 143 145 155 151 146 148 
208 148 149 157 155 153 151 

Heart girth (cm.) 

0 81 81 84 84 81 81 
48 132 157 168 165 135 168 
96 170 198 206 208 173 211 
112 178 203 213 216 185 216 
160 197 216 232 235 220 219 


208 203 226 244 246 236 221 











908 R. J. FLIPSE AND J. 0. ALMQUIST 


averaged 63% of the body weight of the N group. At 96 wk. this figure had 
inereased to 69%, and at 208 wk. to 75%. Similar to findings with beef cattle 
(22), bulls restricted in energy for the first 2 yr. (LH) recovered completely 
when fed liberally after 2 yr. of age. Growth performance for both the M and 
H groups was above the Morrison average (16), whereas the N group was 
slightly below this average. 

The age, body weight, height at withers, and heart girth at the time the first 
ejaculate containing motile spermatozoa was collected are shown in Table 2. 


TABLE 2 
Age and measurements of Holstein bulls on various levels of TDN intake at the time the 
first ejaculate containing motile sperm was cec'lected 





First ejaculation 





Feeding No. Ht. at Heart 
level bulls Age Weight withers girth 
(wk.) (lb.) (em.) (em.) 
L 8 61 + 4° 523 + 40 114+ 3 144+ 4 
N Ss 45 +3 643 + 41 114+1 153 +3 
M 6 41 +2 675 + 42 117 +2 155 + 4 
= 784 + 41 119+] 163 + 3 


H 8 44 3 


"Mean and standard error. 


The difference in age between the L and each of the other groups was significant 
at the 1% level of probability. The other statistically significant differences 
were: weight, L and H (p< 0.01); weight, L and M (p< 0.05), and heart 
girth, L and H (p< 0.01). As observed by Bratton et al. (4), the height at 
withers did not vary greatly with TDN intake. 

Data on total motile sperm output per ejaculate are shown in Table 3. As 
previously noted (8), bulls on restricted energy intake produced poorer quality 
semen than did more liberally fed bulls early in the trial, but as the bulls became 
older this difference disappeared. The change from H to L at 2 yr. of age ap- 
peared to have an adverse effect on volume of semen; this is reflected in total 
motile sperm output (HL group, Table 3). 


TABLE 3 
Average output of motile sperm in billions per ejaculate of Holstein bulls 
on various levels of TDN intake 
(Mean of three bulls per group) 


Age in weeks 


Group 57-80 81-104 105-112 113-136 137-160 161-184 185-208 113-208 
L 1.01 3.24 4.56 4.35 4.88 4.71 5.62 4.76 + 1.32" 
N 1.10 2.45 2.67 2.96 3.62 3.72 3.85 3.65 = 0.85 
M 2.21 2.85 3.92 4.65 4.83 5.07 6.12 S49 > 1:36 
H 2.30 3.94 3.85 4.66 4.62 4.09 5.17 4.56 + 1.32 
LH 0.93 1.23 1.96 3.07 3.61 4.43 4.99 4.00 + 0.21 
HL 2.26 3.51 3.27 3.78 3.41 4.40 4.99 4.14 + 1.23 


“Standard error. 
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Sexual behavior information measured by reaction time to ejaculation is 
shown in Figure 1. Collection of these data was initiated at 3 yr. of age, when 
it became obvious that the reaction time of the H bulls was increasing. Sig- 
nificant differences were noted in the time required for ejaculation, with a mean 
of 9.2 min. for H, 3.7 min. for M, and 1.5 min. or less for each of the other groups. 

During the 4th yr. of the experiment, each of the bulls in the H group 
developed visual evidence of weakness of the feet and legs. Whether these 
weaknesses were coincidental to, or the partial cause of, lowered sexual activity 
“atings and increased time for ejaculation is subject to speculation. 

The data obtained from the depletion trials, presented in Tables 4 and 5, 
confirm and extend those obtained by weekly semen collections and measures 
of sexual reaction time. In general, sperm output and reserves were similar 
for all groups. Although only one bull in the H group was sufficiently active 
to provide adequate depletion data, his sperm reserve was comparable to those 
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Fig. 1. Reaction time per ejaculate (mean and standard error) for Holstein bulls on 
various levels of TDN intake. 
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of bulls in other groups. Two of the LH bulls were slightly deficient in sexual 
activity in the first depletion and showed low sperm output, but they responded 
sufficiently in the second depletion to show that they were not lacking in sperm 
reserves. All bulls which possessed sufficient sexual activity to give adequate 
depletion measures in both the first and second trials, including two M bulls 
and one H bull, showed complete or essentially complete replenishment of sperm 
reserves in seven days. Therefore, there was no evidence that any of the bulls 
on the experiment were deficient in sperm production on the basis of 1 wk. of 
replenishment of depleted sperm reserves. 


TABLE 4 


Sperm output and reserves at 4 yr. of age as measured by depletion trials at a seven-day interval 





Est. extra- 














Ist depletion 2nd depletion gonadal 
—_—________—— - — - - sperm 

Av. No. Av. No. reserves 
Av. No. of sperm Av. No. of sperm in 

Group of ejac. in billions of ejac. in billions billions * 
L 11 40.9 16 40.8 76.4 
N°” 17 39.7 25 37.0 71.8 
M 8 30.5 11 36.0 75.1 
H° 7 35.1 9 38.6 72.2 
LH 8 26.7 14 35.8 66.9 
HL 22 42.2 27 37.3 74.4 





“Based on sperm output for adequate depletion in one or both trials. 
"One bull excluded because of inadequate depletion in first trial. 
* Represents only one bull, as other two were too inactive to be depleted. 


The M and H groups showed distinctly inferior ability to recover sexual 
response to the same stimulus animal in 1 wk. (Table 5). The only bulls failing 
to respond well to the introduction of new stimulus animals were one H bull 
and one LH bull. Although wide variation in recovery was expected (9), none 
of the bulls in the M or H groups approached 100% recovery, whereas at least 


TABLE 5 


Reeovery of sexual response after satiation and response to new-stimulus animals at 4 yr. of age 





Av. No. 


Av. No. Per cent of ejac. 
of ejac. recovery in 1 hr. 
1st hr. Ist. hr. with three 
of Ist of lst suecessive 
Group depletion depletion new S.A." 
L 8 74 9 
N 8 74 14 
M 7 47 10 
H” 5 38 + 
LH 7 80 7 
HL 15 88 13 


“Three new-stimulus animals (S.A.) presented in succession for 20-min. each after 1 hr. 
with initial test animal in second depletion. 

» Represents two bulls; one bull not tested, as he failed to respond to a wide variety of 
stimuli before reaching 4 yr. of age. 
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one bull in each of the other groups showed 100% recovery. Nine of the 12 
bulls in the groups other than M and H were higher in recovery than the 
highest bull in the M and H groups (57%). However, another H bull failed to 
respond to new-stimulus animals before reaching 4 yr. of age and could not be 
included in the depletion trials. 

Data collected on the fertility phase of the experiment were meager, with 
only two bulls each on the L, N, and H groups, and only 8,124 first services to 
the six bulls in the 2 yr. immediately following their return to the breeding 
organization. Fertility data were as follows: 





% 60- to 90-day nonreturns 





Group 
means, 
No. Ist Individual weigkted 
Group Bull services bulls by bulls 
1 1,007 72.9 
L 71.3 
2 1,560 69.7 
3 1,753 63.7 
N 68.9 
+ 867 74.0 
5 1,695 75.9 
H 72.6 
6 1,242 69.2 





Although individual differences are evident, it appears that the levels of 
energy intake employed had no drastic effect on subsequent fertility. 


DISCUSSION 

While the results in this study have been attributed to differences in energy 
intake, a word of caution is in order, in that the nutritive ratio varied inversely 
with the energy intake. This was necessary in order to vary energy intake 
while maintaining equivalent intakes of protein and minerals. Whereas it is 
unlikely that nutritive ratios varying within the range employed (1: 3.6 for L 
to 1:6.0 for H) would affect reproductive performance markedly, the possi- 
bility has not been excluded by controlled experimentation. 

Ignoring minor discrepancies, which may or may not be due to differences 
in experimental design, several studies are in general agreement with regard 
to the relationship between plane of nutrition and onset of semen production 
(1, 4, 6, 10, 11, 13, 20). In general, low levels of feeding were observed to delay 
the onset of semen production 3 to 5 mo. in comparison to moderate and high 
levels of feeding. The fact that similar differences were observed between the 
N and L groups in the present study indicates that energy is the major limiting 
factor when intake is restricted. On the other hand, some investigations (4, 11) 
have indicated greater differences between normal and high planes of nutrition 
than were shown between normal and high levels of energy intake in the present 
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study. If such differences are actual rather than apparent, it is logical to 
attribute them to the increased protein, minerals, and/or vitamins supplied in 
the plane of nutrition studies. Unpublished data (7) indicate that quantity of 
protein has little or no effect on the onset of semen production in bulls, but the 
specific effects of supplements of most minerals and vitamins, as well as nutrient 
interactions, have not been determined. 

With regard to sperm output, the adverse effects of low energy intake are 
obvious during the early weeks of semen production. In this study, at 80 wk. 
of age the average motile sperm output per ejaculate for the L group was about 
50% of that for the H group. James (10) reported similar results, and the data 
of Bratton et al. (4) indicated that underfed bulls produced about 50% as many 
motile sperm per ejaeulate as did overfed bulls at 74-80 wk. of age. However, 
if one examines total motile sperm output from 113 to 208 wk. (Table 3), 
little difference can be noted between high and low levels of energy intake. 
This supports the observation of Mann and Walton (14): severe underfeeding 
did not alter the sperm output of a mature bull. One the other hand, Olson (17) 
stated that with mature monozygous triplets, semen quality and quantity favored 
bulls receiving 100 and 130% TDN over those receiving 70% TDN. 

In this study, a maximum of one ejaculate per bull per week was collected, 
using a low level of sexual preparation. Thus, the relatively low sperm output 
values do not reflect possible effects of varying energy intake on the rate of 
sperm production. However, sperm output and extra-gonadal reserves as meas- 
ured by depletion trials at 4 yr. of age (Table 4) were not markedly affected 
by restricted energy intake. Future studies of this type should incorporate 
more demanding collection frequencies, with intensive preparation, in order to 
detect possible changes in semen characteristics and spermatogenesis (9). Using 
a partial exhaustion technique to provide a more demanding collection fre- 
quency, VanDemark ef al. (21) recently reported that the number of sperm 
eollected from two underfed 3-yr.-old bulls was 77% of that collected from the 
normally fed controls. Furthermore, reversal of the rations at 4 vr. of age did 
not correct deficiencies in the number of sperm collected from the previously 
underfed bulls. 

It would have been interesting to continue observation of these bulls over a 
longer period of time, particularly in light of the effects of level of feeding on 
the fertility, onset of disease, and longevity of rats (2, 3, 15). From a practical 
standpoint, however, the development of weaknesses of the feet and legs and 
the lower level of sexual activity in the H group suggest that these factors 
would soon limit the useful life of these bulls. 


Level of energy intake during early life apparently had little effect on the 
quality or quantity of semen produced later. Those bulls changed from L to 
H at 2 yr. of age did not show the slow sexual reaction time of those continually 
on H; sluggishness may have developed in LH bulls, had the high energy feeding 
been continued over a longer period of time. In fact, some indication of this 
was observed in the depletion trials. A program of heavy feeding during early 
life followed by restricted feeding later may have some merit. By moderate to 
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heavy early feeding, semen production is initiated at an early age, while re- 
stricted later feeding should prolong the useful life of the bull. 

It is apparent that high energy intake is not desirable for bulls past the 
stage of rapid growth, while subnormal energy intake in early life is disad- 
vantageous, in that it delays the onset of semen production. Early liberal 
feeding, alone or in combination with hormonal stimulation (6), may be eco- 
nomically feasible (4) when it is imperative that semen be obtained at the 
earliest possible age. 
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ELECTRON MICROSCOPIC STUDY OF MATURE BOVINE 
SPERMATOZOA ! 


DONALD F. RAHLMANN 


Department of Animal Husbandry, University of California, Davis 


SUMMARY 


Characteristics of the normal bovine spermatozoa as revealed by electron micrographs 
have been reported. Detail of the head area reveals that the acrosomic granule is an 
integral structure within the acrosomic cap of the mature spermatozoa. The acrosomic 
cap overlaps the porous-appearing posterior nuclear cap. The midpiece containing 
outer axial fibrils of at least two different dimensions appears to have a diameter at least 
as great as the thickness of the head. Possible contractile elements of the fibrils are 
closely associated with the basal granules in the neck. Elements of the tail area also 
have been described. 





The electron microscope has revealed many of the nuclear and cytoplasmic 
changes occurring with the development of the spermatid. However, certain of 
the structural elements in the mature bull spermatozoa that should be present, 
if our present concept of spermatozoa development is correct, have not been 
fully demonstrated. 

Baylor, Nalbandov, and Clark (2) in 1948, and Reed and Reed (6) in 1948 
reported observations on whole unstained bull sperm. From 1947 through 1955, 
Bretschneider (4, 5) published a series of papers on the microstructure of bull 
spermatozoa. The shadow-casting technique was used extensively in his specimen 
preparation. Wu and McKenzie (7) employed this technique in association with 
chemical denudation to demonstrate organizational elements of the sperm cell 
in several mammalian species, including the bovine. Few investigators (3, 8) 
have reported on imbedded and sectioned mature spermatozoa of the bull. 


EXPERIMENTAL PPROCEDURE 

Semen samples were collected from a Jersey bull of proven fertility by 
means of an artificial vagina. Estimates of motility, concentration, and per- 
centage of abnormal forms were determined for each sample. Percentage ab- 
normal forms, as determined by the light microscope, never exceeded 5% 
(mostly tailless) in any sample. Fixation for 15 min. was carried out at room 
temperature (22 to 24°C.) in 1% osmie acid solution adjusted to a pH of 7.2 
with veronal acetate buffer. Fixation was followed by three washings in veronal 
acetate buffer. The specimens were dehydrated in a graded series (20% through 
absolute) of ethanols at 15-min. intervals. Dehydration was followed by 1:1 
absolute ethanol and a solution of five parts butylmethacrylate and one part 
methylmethacrylate with 2% Lupereco CDB catalyst. Three changes were then 
made in the 5: 1 butylmethacrylate and methylmethacrylate mixture which was 
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slightly prepolymerized by oven heat at 70° C. for 10 min. The prepolymeriza- 
tion treatment tended to minimize damage to cell structure. In preliminary 
trials without prepolymerization, cell damage, particularly extreme ballooning 
or explosion artifact of the outer cytoplasmic membrane and head cap, was 
noted. A small portion of the prepared specimen was placed in No. 00 gelatin 
capsules. The capsules were filled with the methacrylate mixture, covered, and 
placed in an oven (60-70° C.) for 72 hr. 

Three or four days after removal from the oven, the 
gelatin capsule was removed by soaking in water and a 
double-truneated pyramid surrounding the specimen area 
was cut with a sharp, single-edged razor. 

Thin sections were cut by a glass knife with a Porter- 
Blum ultramicrotome and mounted on formvar-coated 
200-mesh copper grids. Some of the grid-mounted speci- 
mens were subsequently stained by flotation for varying 
periods of time on solutions of 4% potassium permanga- 
nate, 1% lanthanum sulfate, 1% phosphotungistic acid, or 
4% potassium dichromate neutralized with potassium hy- 
droxide. Examination was made, without removing the 
imbedding plastic, in an RCA-EMU3D electron micro- 
scope. Micrographs were taken at magnifications ranging 
from 2,500 to 15,500. Higher magnifications were obtained 
by photographie enlargement. 


RESULTS AND DISCUSSION 

Osmie acid alone or osmic acid in combination with 
potassium permanganate seemed to be superior to other 
stains used in this study. A saggital section of a single 
spermatozoa extending from the head through the midpiece 
and the anterior portion of the tail is shown in Figure 1. 
An outer cytoplasmic membrane completely surrounds the 
sperm. In part, particularly in the head area, this mem- 
brane appears to be double-walled. The anterior head cap 
formed from the acrosomiec vesicle fits closely to the nuclear 
membrane and overlaps the posterior nuclear cap. Apically, 
the head cap thickens and presents a concave profile on one 
aspect (probably ventral) a short distance posteriorally. 
An additional structure, presumably the acrosome, can be 
distinguished within the head cap in Figure 2. 

The postnuclear cap, closely surrounding the posterior 
position of the nucleus, appears as a series of short, dark 


Fig. 1. Saggital section of the bovine spermatozoa. Detail of 
head, midpiece, and anterior portion of the tail described in text 
and in other micrographs. 1% OsQy. X 7,250. 
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Fic. 2. Apex of head with acrosome (in front of the clear area) within anterior head 
eap. 1% OsO, plus 4% KMnO,. X 62,000. 


lines periodically interrupted by clear spaces. Thus, it appears to be more 
porous than other membranes associated with the head area. This feature may 
account for its permeability to certain dyes in the dead spermatozoa. 

The dense chromatin material of the nucleus is thickest near the junction of 
the midpiece and gradually tapers anteriorally. 

The basal granules (Figure 3), apparently three in number, are partially 
inserted within the head. The medial granule penetrates to the greater extent. 





Fig. 3. Junction of the head and midpiece. Note transverse banding on fibrils attached 
to basal granules which are inserted within the head (center of micrograph). 1% OsQ,. 
X 30,000. 
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Fig. 4. Cross sections of spermatozoa. a) Base of head with insertion of medial basal 
granule. b) Midpiece. Mitochondrial sheath surrounding two concentric cireles of nine outer 
axial fibrils, the larger located peripherally, and a set of two fibers in the center of the 
section. ¢) Tail section with longitudinal rib structures in the same plane as central fibrils. 
Several fine granular lines proceed radially from the central pair of fibrils. d) Tail section 


posterior to level at ¢). Small projections can be seen on the periphery of the outer axial 
fibers. 1% OsO;s plus 4% KMn0O,. X 62,000. 
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Periodical transverse banding appears on the fibrils attached to the granules. 
The bands appear similar to the contractile elements described in striated 
muscle. The banding was detected only in the fibrils within the proximal portion 
of the midpiece. Wu and McKenzie (7) have reported the presence of these 
structures in sperm which have been chemically denudated. Bretschneider (4) 
noted cross striations and considered them to be artificial fragmentation of 
band structures in membranes of the neck region. In the present study, the 
periodicity of these striations, and the frequency of their appearance in a 
number of different planes of sectioning, plus a consideration of the nature of 
the region immediately surrounding the axial fibrils, tend to indicate that these 
structures are an integral part of the sperm and not of artifactual origin. 

The mitochondrial sheath of the midpiece is coiled with a pitch of 25° 
approximately 75 times around the axial fibrils. Within the midpiece and tail, 
two fibrils surrounded by two concentric circles of nine fibrils are found (Figure 
4). At least three, possibly four, of the fibrils are larger than the others in the 
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Fig. 5. Schematic diagram of the mature bull spermatozoa as conceived from micro- 
graphs observed during the course of this study. a) Saggital section of the head, neck, and 
anterior portion of the midpiece. Compare with Figures 1 and 2. b) Cross section of the 
midpiece. Compare with Figure 4a. ¢) Cross section of the tail and longitudinal ribs, 
apparently a thickening of the cortical helix, in the same plane as the central pair of fibrils. 
Compare with Figures 4¢ and 44d. 
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midpiece area. The apparent difference in cross-sectional area seems to diminish 
as the fibrils proceed posteriorally along the tail. The diameter of the midpiece 
appears to be greater than the thickness of the head. If the head and midpiece 
ean be considered nondifferentially enlarged or shrunken by the preparative 
processes employed, the head measures between 650 and 700 my in thickness. 
Head thickness in bovine sperm has been difficult to determine by either light 
or phase contrast microscopy. 

The cortical helix proceeds from the midpiece posteriorally on the tail, 
appearing as a regular series of dark bands in Figure 1. Longitudinal ribs, 
apparently a thickening of the cortical helix (Figure 4¢, d) in the same plane 
as the central pair of fibrils, are found in the main piece of the tail. 

Short projections of the peripheral axial fibrils appear in cross sections of 
the tail area (Figure 4c, d). They may possibly form connecting links between 
the fibrils or the fibrils and the cortical helix. In addition, radial spokes of a 
granular character can be seen proceeding from the central pair of fibrils. The 
character of these subunits appears to be similar to that deseribed by Afzelius 
(1) for sea-urehin sperm. 

Schematie line drawings of certain structural aspects of the bull spermatozoa 
are presented in Figure 5. 
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PART LACTATIONS. III. PROGENY TESTING WITH PART 
LACTATION RECORDS 
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SUMMARY 


Analyses of monthly records of artificially-bred cows indicate that under New 
Zealand conditions records accumulated up to a specified test day early in lactation are 
suitable for progeny testing. Heritability slightly exceeds that for lactation yield and 
the genetic correlation between the part record and lactation yield exceeds 0.90. As a 
result, the rate of progress in improving additive genetic merit for lactation yield when 
selecting on part records differs very little from when selecting on lactation yield. Ap- 
proximately 40, 60, and 80 daughters in sire proofs using part records give the same 
information about lactation yield as a proof using lactation yield on 30, 40, and 50 
daughters, respectively. Proofs evaluated on both kinds of records for the same group 
of sires were highly correlated and the part lactation proofs were just as repeatable as 
those based on lactation yields. 





Earlier papers of this series, (6) and (7), have reported age-correction 
factors and estimates of genetic and phenotypic parameters for monthly milk 
fat yields. The use of such records for progeny testing is now considered. 
First, heritability estimates are reported for records accumulated up to a speci- 
fied test day, together with the genetic correlation of these records with lactation 
yield. These enable the rate of progress in improving genetic merit for lacta- 
tion yield that could be achieved when selecting on part records to be compared 
with that which could be achieved when selecting on lactation yield itself. 
Secondly, methods are developed and used for finding the number of daughters 
required in a sire proof using part records, for the proof to contain the same 
amount of information on the sire’s genetic merit for lactation yield as does a 
proof based on a given number of lactation yield records. Finally, comparisons 
are made of actual progeny tests calculated from part lactation ‘records with 
those calculated from the corresponding complete lactation yields. This com- 
parison indicates to what extent the two methods of progeny testing differ. 

Monthly records could be used for progeny testing in many ways—a single 
month, the first two, three, or more months, alternate months, and numerous 
other combinations. This paper is a study of records accumulated up to a fixed 
date. A fourth (and final) paper in this series will deal with a variety of 
combinations of lactation months. 


DATA AND CORRECTION FACTORS 

The basic data are described in (6), the study being confined to records 

from cows first tested in August (60%), September (30%), or October (10%). 

Cows first tested in these months represent 90% of the cows tested in any par- 
ticular year, as indicated in (3). 

The earlier proving of sires would be one advantage of progeny testing with 
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part lactation records which could be achieved by using monthly yields accu- 
mulated up to a specified test day. Three possible alternatives suitable for this 
purpose in New Zealand are to accumulate yield for all cows up to the test day 
in either November, December, or January. For cows first tested in August 
(the predominant group) this would mean part lactations of 4, 5, or 6 mo., re- 
spectively ; those first tested in September would have 1 mo. less and October- 
starting cows 1 mo. less still. These three possibilities were investigated in this 
study, using correction factors to take account of lactation-length differences 
simultaneously with age, in each case. These correction factors and the mean 
production averages from which they were derived are shown in Table 1. 

The means in Table 1 are of milk fat yield up to and ineluding the No- 
vember, December, and January test, for cows first tested in August, September, 
and October. They were accumulated from the test-day milk fat yields multi- 
plied by 30 (to bring them to a monthly equivalent), a proportional amount 
being used to estimate yield in the first month for the period trom four days 
after calving to 15 days after the first test day. Two years’ data are included 
in Table 1; 1956-7 production was lower than that of 1957-8, but the result- 
ing correction factors showed only small differences between years. The first 
entry in the Table is 140; this is the mean yield up to and including the Novem- 
ber test of 2-yr.-olds that started on test in August. The entries decrease along 
each row, as would be expected, the later-starting cows having fewer months 
on test. Likewise, the figures for December and January exceed those for 
November, because more months are included in the part lactation. 

The correction factors correct all records to the level of mature cows (5-9- 
yr.-olds) first tested in August; for example, the part records up to November 
are corrected up to the 180-lb. average of the August-starting mature cows. 
Thus, the multiplicative factor for the 3-yr.-olds that started in September is 
180/132 = 1.36. These factors are shown in the right-hand section of Table 1. 
Those for the later-starting cows correct for number of months on test also, and 


TABLE 1 
Mean production (pounds milk fat) in early lactation; and multiplicative factors to correct 
part lactations for age and number of months on test up to the level of 5-9-yr.-olds 
first tested in August 











Mean production Correction factor 
Last month First month tested First month tested 
of part Age —— — 

lactation (yr.) Aug. Sept. Oct. Aug. Sept. Oct. 
November 2 140 113 76 1.29 1.59 2.37 
3 159 132 95 1.13 1.36 1.89 
+ 174 142 104 1.03 1.27 1.73 
5-9 180 147 105 1.00 1.22 1.71 
December 2 176 151 117 1.27 1.48 1.91 
3 198 174 141 1.13 1.28 1.58 
+ 215 187 154 1.04 1.19 1.45 
5-9 223 194 156 1.00 1.15 1.43 
January 2 208 186 152 1.26 1.41 1.72 
3 232 213 183 1.13 1.23 1.43 
+ 252 228 199 1.04 1.15 1.32 
5-9 262 238 202 1.00 1.10 1.30 
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the factor for August-starting mature cows is, of course, 1.00. The records were 
corrected for the analysis studies, using these multiplicative factors converted 
to herd-level factors by the method explained in (5). 


GENETIC PARAMETERS 

The records of all daughter-dam pairs in the 1956-1957 data were accumu- 
lated up to November, December, and January and corrected in accordance with 
Table 1. Estimates of within-herd heritability (in the narrow sense) of these 
part records and of genetic correlations with lactation yield are given in Table 2. 
The heritability values all exceed the 0.19 estimate obtained from the same cows 
for lactation yield [see (7)]| and the genetic correlations are all close to 1.00. 

The right-hand column of Table 2 shows the relative rate of progress in 
improving additive genetic merit for lactation milk fat yield through mass 
selection of cows on part records relative to selection on lactation yield. These 
values have been calculated from the expression r V/h/0.19, where h is the 
heritability of the part record and r is its genetic correlation with lactation 
yield, 0.19 being the heritability of lactation yield. This expression was also 
used by Madden et al. (2), whose results are very similar to those reported here. 
The conclusion is that selection of cows on part records will achieve progress 
in improving genetic merit for lactation yield almost as quickly as will selection 
on lactation yield. The rate of progress using records up to 6 mo. in length 
(ceasing in January) may even lead to slightly faster progress. 


EQUIVALENT PROOFS 

Two kinds of records available for progeny testing a sire can be compared 
by considering the relative amount of information about lactation yield that 
is in the proofs based on a given number of each kind of record. This is meas- 
ured in each case by the correlation between the sire’s estimated additive genetic 
merit for lactation yield and his actual additive genetic merit. The expression 
for this when using the customary selection index procedure with single ree- 
ords of n daughters is 


| nh 
V4+h(n-1) 





r 


TABLE 2 
Genetic parameters for part lactations 





Relative rate 
of progress 
in improving 
additive genetic 





merit for 
Part lactation Genetic correlation lactation yield 
(milk fat with lactation when selecting 
yield) Heritability * yield on part yield 
(%) 
Ceasing 
November 21 92 97 
December 21 .93 98 
January 23 93 102 





* Estimate for lactation yield is 0.19, taken from (7). 
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where h is the heritability of the trait observed in the daughters and r is the 
genetic correlation of this trait with that for which the sire’s genetic merit 
is being estimated. This is the situation when indexing sires for lactation yield 
on part lactation records of their daughters: h is the heritability of the part 
record and r is the genetic correlation of the part record with lactation yield. 
The more usual form of this correlation as found, for example, in Henderson 
(1), is when the trait observed in the daughters is identical to that being esti- 
mated in the sire and r is then 1.00. This is the situation when indexing sires 
for lactation yield on the lactation yields of their progeny. Using 0.19 for the 
heritability of lactation yield, the correlation between the sire’s additive genetic 
value and its prediction, based on the single lactation yields of N daughters, 
is then 
___0.19N___ 

\V4+0.19(N —1) © 
These correlations measure the accuracy of two different estimates of the same 
thing in the sire. The sire proofs will, therefore, be of equal accuracy when the 
correlations are equal, i.e., 


nh a 0.19N 





4+h(n—1) ~ W4+0.19(N-1)° 
Thus, a means is provided of finding the number of daughters n, needed to 
prove a sire on part lactation records, such that the proof will contain the 
same amount of information about the sire’s additive genetic value for lac- 
tation yield as a proof based on the lactation yields of N daughters. The 
equation reduces to 
2 19N (4 —h) 
"= 7 [a8ir? — 19NG—P)] 

This is the method referred to by VanVleck (9), who has also developed an 
alternative, but essentially equivalent, procedure for solving the same problem. 

Values of n (the number of part lactation records) corresponding to N 
(the number of lactation yield records) equal to 10, 20, 30, 40, 50, 75, and 100, 
are given in Table 3 for the three kinds of part lactation records used in this 
study, based on the heritabilities and genetic correlations shown in Table 2. 


TABLE 3 


Number of daughters required in a sire proof using part records to be equivalent to a proof 
using lactation yields 


No. of 

daughters No. of daughters using part lactation records ceasing in 
using lacta- - 
tion yields November December January 

10 12 12 11 

20 26 25 23 

30 44 41 38 

40 67 61 55 

50 98 85 78 

75 249 188 171 


100 1,119 471 428 
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This shows, for example, that a proof using 12 daughters with records accumu- 
lated through November is equivalent to a proof based on ten daughters with 
lactation yield; that 98 daughters with similar part lactation records are 
equivalent to 50 daughters with lactation yields, and so on. 

The number of daughters required for part records exceeds the number 
required for lactation yields in all cases, and the increases in the number of 
daughters required get larger as the number with lactation yields increases; 
e.g., 12 part records (ceasing November) equal ten lactation yields, but 1,119 
equal 100 lactation yields. This increase arises from the nature of the equation 
relating n to N. The denominator of n decreases with increasing N until it 
becames negative for values of N greater than 3817r7/19(1 — r?). This is clearly 
impossible because the numerator is always positive and n can not be negative. 
Hence, 381r?/19(1 — r*) is an upper limit on NV. Thus, there is a limited range 
of numbers of daughters in a proof for lactation yield using lactation yield, 
for which a proof using part records on more daughters can be as efficient ; 
and this range depends on the genetic correlation of the part record with 
lactation yield. As N increases and approaches its upper limit, n increases very 
rapidly, so giving rise to the large numbers found in the last row of Table 3. 


PROGENY TESTS 

The data included the 1956-1957 records of 2,901 daughters by 51 sires used 
in artificial breeding and the 1957-1958 records of 4,195 daughters by 62 sires. 
Progeny tests were calculated for the sires each year on the basis of comparing 
each daughter record with a contemporary herd average that excluded the 
daughter record. The sire index was calculated as 

—"_ (D—0.90H — 0.10R), 

n+ 15 
where n is the number of daughter records in the proof, D is the mean daughter 
production, H is the mean contemporary herd average, and R the mean regional 
average appropriate to the daughter average. The regional averages used in R 
are the averages of the Herd Improvement Associations responsible for all 
herd-testing work in New Zealand and the factor n/(m + 15) is the adjustment 
for daughter numbers, as developed in (4). 

The 0.90 factor is the percentage of the difference in herd production levels 
that is reflected in the records of paternal half-sibs in different herds. This is 
the figure reported by Spalding et al. (8), estimated as the within-sire regression 
of daughter record on contemporary herd average. This was estimated for the 
part lactation records considered here and the results are shown in Table 4. 
The estimates for lactation yield which was corrected for age only as in (5), 
are 0.94 and 0.90 in the 2 yr., approximating closely to the 0.90 of Spalding et al. 
(8). The estimates for the part lactations showed greater differences between 
the years, decreasing in 1956-1957 and appearing to increase in 1957-1958 as 
the part lactation increases in length. The reason for this difference is not 
apparent and as an average value for all records (possibly a little low) the 
0.90 figure was used. 
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TABLE 4 


Intra-sire regression estimates of daughter reeord on contemporary herd average 
Regression estimates 
1956-1957 1957-1958 
(2,901 daughters, (4,195 daughters, 
Type of reeord 51 sires) 62 sires ) 
Part lactations 
Ceasing 
November 99 85 
December 97 92 
January 95 91 
Lactation yield 94 90 


The progeny tests for the sires were evaluated in four ways, using the 
lactation yields and the three sets of part records. 
records were correlated each year with those caleulated from lactation yield 
and the results are shown in Table 5 for sires having six or more daughters. 
The correlations are not significantly different from 1.00 in all cases and the 
differences between the years are not significant, although the estimates from 
1957-1958 are all larger than those for 1956-1957. These results indicate that 
proofs based on part lactations rank the bulls no differently from proofs based 


Those based on the part 


on whole lactations. This is not necessarily an indication that part lactation 
proofs are better than lactation yield proofs, but that estimates of a bull’s 
genetic value obtained from part lactations are similar to those obtained from 
whole lactations. 
very close to the product-moment values shown in Table 5. 

Several of the bulls, 36 in fact, had daughters in both years and correla- 
tions between their proofs in the 2 The results are 
No account was taken of the fact that many daughters having 
a record in 1956-1957 also had a record in 1957-1958. These correlations are 
significantly different from zero and, more particularly, those for the part 
lactation proofs do not differ significantly from that for the lactation yield 
proofs. This suggests that progeny tests based on part lactation are just as 
repeatable as those based on lactation yield. The conclusion is reached, there- 
fore, that part lactations as calculated in this study give progeny test results 


The rank coefficients were also estimated, the results being 


yr. were also estimated. 
shown in Table 5. 


TABLE 5 


Correlations between progeny tests 


Correlation 


Correlation of part lactation progeny between 
test with lactation yield progeny test progeny 


ri tests in 


Last month 
of part 


1956-1957 : 


2 sires 


1957-1958: 


62 sires 


2 yr. for 
36 bulls * 


lactation (s.e. = 0.16) (s.e. = 0.13) (s.e. = 0.17) 
November .76 .85 .69 
December .83 90 .79 
January 88 93 81 


* Value for lactation yield ratings: 


0.82. 
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for bulls used in artificial breeding very similar to lactation yields and that 
such progeny tests are as equally repeatable as those based on lactation yields. 
This would seem to recommend part lactations as suitable for progeny testing. 
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ADRENALECTOMY OF THE CALF AND ITS EFFECTS ON VARIOUS 
BLOOD CONSTITUENTS ! 
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SUMMARY 


Surgical adrenalectomy was successfully performed in calves without suturing the 
wall of the vena cava, by using a special forceps to facilitate removal of the gland. Main- 
tenance of adrenalectomized calves was possible under controlled conditions, with the in- 
tramuscular injection of 25 mg. cortisone acetate or 5 mg. prednisone plus 5 mg. desoxy- 
corticosterone acetate per 100 lb. body weight, daily or every other day. Calves were also 
maintained in an apparently normal state without steroid therapy by the free-choice 
feeding of salt, which was consumed at a rate about four times that of the normal ealf. 

The outward symptoms of adrenal deficiency, manifested during the period when 
no therapy was given, began with lethargy and weakness in the legs. This was followed 
by anorexia, extreme apathy, a completely prostrate position, and extreme depression 
and arrhythmia of the heart beat shortly before death ensued. Loose, foul-smelling feces 
and a rapid, labored respiration were sometimes observed. The calves survived about six 
to seven days following withdrawal of maintenance therapy. 

In three adrenal-deficient calves there was a decrease in the serum Na:K ratio, a 
decrease in serum chlorides, and an increase in serum potassium, all of which were highly 
significant (P less than 0.01). In two of the three animals there was a reduction in serum 
sodium, total neutrophils, and mature neutrophils, and an increase in RBC and eosino- 
phils. The influence of adrenalectomy on serum calcium, blood hemoglobin, hematocrit, 
and neutrophil levels varied considerably between calves. No significant differences were 
found in WBC, lymphocyte, and monocyte levels following adrenalectomy. 

One calf was found to have an adrenal remnant which_ prevented it from suecumbing 
completely to the effects of adrenalectomy. 





One approach to the study of adrenal gland function in an animal is to 
investigate the changes which occur in the animal after removal of the gland. 
Then, by substitution therapy with adrenal steroids, the levels of these hormones 
needed for normal maintenance of the animal can be determined. 

Prior to the present study, only one instance of successful surgical adre- 
nalectomy of a bovine had been reported in the literature. In 1957, Holeombe 
(10) reported the adrenalectomy of a bull in a study of the urinary gluco- 
eorticoid excretion. Mansson and Obel (15) later reported on the surgical 
techniques employed. In 1959, Estergreen and VanDemark (6) made a pre- 
liminary report on blood changes in an adrenalectomized calf. Recently, Cupps 
et al. (5) reported the successful adrenalectomy of two bull calves and two 
mature bulls. 

Adrenalectomy in the bovine presents some technical problems because of 
the firm attachment of both adrenals to the wall of the posterior vena cava (15, 
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23). These glands have no adrenal vein or a very short one, so special techniques 
must be devised for their removal without excessive hemorrhage. Cowie and 
associates (3, 4), working with goats, described special clamps which could be 
applied between the gland and the wall of the vena cava which would aid in 
removal of the gland and in suturing the defect left in the posterior vena cava. 
Mansson and Obel (15) describe a similar use of long, curved artery forceps 
for aid in removal of the adrenal gland from a bull. 

The present study was undertaken in an attempt to a) adapt surgical pro- 
cedures to removal of the adrenal glands of the calf, b) investigate the levels of 
replacement hormones needed to maintain the adrenalectomized calf, c) study 
the possibilities of maintaining the adrenalectomized calf on salt alone, and 
d) examine the effects of adrenal deficiency on several blood components of 
the ealf. 

SURGICAL PROCEDURE 

Young calves were selected for this study because the depth of field in 
which to work was less, there was less interference from the rumen, and inter- 
fering perirenal fat deposits were absent as compared with older animals (15). 
The calves were fasted and kept from water for 24 hr. before surgery. Intra- 
venous sodium pentobarbital (Nembutal), accompanied by ether as needed 
during the operation, was the anesthetic used on the first calves. Later, a com- 
mercial combination of sodium pentobarbital, chloral hydrate, and magnesium 
sulfate (Equitol) given intravenously proved more effective. A stimulant, 
amphetamine sulfate (Amphetasul), was given immediately post-operatively 
to hasten recovery from the anesthetic. 

The site of operation was prepared by close clipping with small animal 
clippers. Just before draping, the area was washed with soap and water, dried, 
and disinfected with iodine and alcohol. Bilateral adrenalectomy was per- 
formed one side at a time, allowing 2 wk. or more for recovery between opera- 
tions. The left adrenalectomy was done first, to avoid the interference of the 
developing rumen. 

The approach to the left gland was made through an 8- to 10-in. oblique 
incision, starting close to the first lumbar transverse process and running par- 
allel to the last rib. Since the right adrenal was more anterior, approach was 
made to it through an incision between the last two ribs on the right side, 
starting as high as possible and keeping the incision close to the anterior adge 
of the last rib to clear the intercostal blood vessels. 

The wound was spread with an adjustable abdominal retractor and on the 
left side the viscera were packed off with wet toweling and held back with ad- 
ditional retractors. On the right side, a lobe of the liver directly over the gland 
was carefully dissected free and retracted, exposing the gland directly under 
the incision. 

The gland was freed from surrounding tissue by blunt dissection and all 
small blood vessels. were doubly ligated and cut between ligations. The mediar 
border of the gland was carefully dissected free of the posterior vena cava 
except for the anterior one-third around the adrenal vein. The gland was lifted 
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and a Herrick kidney forceps clamped between the gland and the vena cava. 
The gland was then freed by running a scalpel along the outer edge of the 
kidney forceps. No suturing was done on the vena cava and the clamp was 
removed after about 5 min. without hemorrhage. 

Normal suture and clamping techniques were used for closing the wound. 
A gauze and collodion dressing was placed over the wound to keep out dirt and 
insects. Three hundred thousand [.U. penicillin and 250 mg. dihydrostrepto- 
mycin were administered intramuscularly immediately post-operatively and 
daily for three to five days following. After removal of the second adrenal, 
steroid substitution therapy was begun. Of four calves bilaterally adrenal- 
eectomized, only one (H-3) was lost, presumably from shock, 18 hr. after surgery. 


TREATMENTS AND METHODS OF ANALYSIS 


Following surgery the first treatment consisted of maintenance of the ani- 
mal by substitution steroid therapy. The second treatment consisted of main- 
tenance of the animal by supplemental free-choice salt feeding without steroid 
therapy. The third treatment was the no-therapy period, in which the animal 
was allowed to go into the extreme deficiency state. 

During all the periods of treatment the calves were kept in pens in a heated 
room and subjected to no more stress than was necessary for blood sampling. 
Two of the calves were fed milk twice daily for the entire period. The third 
ealf was weaned before removal of the second adrenal. A high-quality calf 
starter grain mix, good-quality hay, and water were kept before the calves at 
all times. 

Blood samples were taken from the jugular vein from five to 18 times during 
each treatment period on each calf. Results of the analysis on blood com- 
ponents were compiled for each treatment period and only the means are pre- 
sented in this paper. The serum sodium, potassium, and calcium were deter- 
mined by means of a Coleman flame photometer, serum chloride by the method 
of Whitehorn (24), hemoglobin by a visual comparison test using the Haden- 
Hausser technique (2), and the hematocrit as the percentage of packed cells 
following centrifugation at 2,500 r.p.m. for 30 min. A differential count of 
the white blood cells was made after staining with Wright’s stain (2). Total 
red and white blood cells were counted visually on a hemacytometer. Sta- 
tistical analysis was carried out as described by Ostle (18). 


RESULTS AND DISCUSSION 


In all the calves used in this investigation (ranging in age from 3 to 15 wk. 
at the time of surgery) both adrenals were found to be securely encapsulated 
to the posterior vena cava with a tough fibrous connective tissue. The right 
adrenal was consistently found to be 1 or 2 in. more anterior than the left and 
each was found close to the anterior pole of the kidney. Both adrenals were 
found slightly anterior to the location deseribed by Smollich (23) and in some- 
what differing positions from that described by Sisson and Grossman (22). 
Since these authors describe the positicn in adult animals, these differences 


may have been due to age. 
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The left gland had a very short adrenal vein (1-2 mm.) between the gland 
and the posterior vena cava. The right gland had no adrenal vein but com- 
municated directly from the lumen of the gland into the posterior vena cava 
via a hole in the wall of the blood vessel. 

Following early attempts in this experiment at ligating the adrenal vein 
or suturing the vena caval wall after removal of the gland, a Herrick kidney 
forceps was used, as described earlier. This forceps, similar to the clamp 
described and used by Cowie and Tindal (4) on goats, has two bends in the 
blade, making it easy to insert under a deep gland. On the inside, and running 
the length of each blade, are longitudinal ridges which crimp the tissue held 
between the blades. After clamping the vena cava for 5 min. with this forceps, 
it was unnecessary to suture the slit in the caval wall. No caval hemorrhaging 
was noted in the five operations where this clamp was used. 

Steroid therapy. Daily intramuscular administration of approximately 25 
mg. cortisone acetate (C.A., Schering Cortogen), or an equivalent amount of 
prednisone (Schering Meticorten), plus 5 mg. desoxycorticosterone acetate 
(DOCA, Schering Cortate) per 100 lb. body weight, maintained these adrenal- 
ectomized calves in an apparently normal condition. Cortisone acetate alone, 
at the levels given, did not prevent the onset of deficiency symptoms four days 
after adrenalectomy in Calf H-l. It was necessary to include injections of 
DOCA to maintain normal appearance in this calf and, consequently, both 
steroids were used for maintenance of the other calves in the experiment. This 
level of steroid substitution therapy is similar to the reports for maintenance 
of other adrenalectomized ruminants (4, 8, 10). 

Although this level of steroid substitution therapy supported these calves 
under the controlled conditions, it was not adequate for coping with a severe 
stress. In one instance, the insertion of a venous cannula caused an animal to 
collapse. A full day was required for recovery following immediate steroid 
therapy. No information is available on the level of substitution therapy 
needed to support an animal under normal barn conditions or when penned 
with other animals. 

Salt therapy. Free-choice salt feeding successfully maintained these adre- 
nalectomized calves without substitution steroid therapy for 2 wk. There was 
every indication that Calves H-1 and G-5 could have been maintained for a 
much longer period, since no sign of deficiency appeared until at least four 
days following removal of the supplemental salt. The other calf, H-2, stopped 
eating salt after five or six days, but until that time no outward symptoms of 
deficiency were apparent. The high serum levels of Na and Cl exhibited during 
this salt-feeding period indicate the calf was successfully overcoming the ex- 
cessive salt loss due to steroid deficiency. The salt consumption of one calf 
(G-5) was recorded for a ten-day period, and grain consumption determined 
for five days. During this time an average of 36 g. salt, 0.5 lb. grain, 9 Ib. 
milk, and some hay were consumed daily. The total sodium chloride intake 
during this period was calculated to be 47 g. daily, exclusive of what was 
provided in the hay. This was more than four times the calculated salt con- 
sumed during the steroid therapy period. 
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These findings indicate that supplemental salt feeding alone can alleviate 
the outward manifestations of adrenal deficiency and maintain life in the 
adrenalectomized calf, as has been found in the adrenal-deficient rat, dog, and 
man (13, 14, 19). This coneurs with the findings of Holeombe (10), who 
maintained an adrenalectomized bull four days by giving free access to rock salt. 

Adrenal insufficiency. The outward manifestations of adrenal insufficiency 
began with a lethargy and a weakness in the legs, followed by a loss of appetite 
and extreme apathy. If no therapy was initiated the calves became almost 
completely comatose shortly before death. Other symptoms were loose, foul- 
smelling feces and a rapid, labored respiration before death. Significant was 
the sudden, extreme drop in heart rate and an irregularity of the heart beat. 
In one calf the heart rate dropped in a few hours from a normal of about 
100-110 beats per minute to about 50-55 and was very irregular at the time 
the calf was prostrate. At this stage, intramuscular steroid therapy was in- 
effective in restoring the animal to normal. Intravenous infusion of 300-500 ml. 
of 25% glucose made up in physiological saline was effective in bringing the 
animal to his feet and alleviating the deficiency symptoms. 

Calves H-1 and H-2 exhibited symptoms of adrenal deficiency after four 
days and survived seven and six days, respectively, following withdrawal of 
maintenance therapy. Death was due to extreme adrenal deficiency in both 
eases and post-mortem examination revealed no remnant of adrenal tissue at 
the sites of operation in either animal. 

Calf G-5 exhibited signs of deficiency on the fifth day following cessation 
of maintenance therapy and was in an extremely deficient state by the seventh 
day. Some recovery occurred on the eighth day and on the tenth day following 
cessation of maintenance therapy the calf was sacrificed. Histological investi- 
gations revealed a small nodule of adrenal tissue embedded in the wall of the 
vena cava at the site of the right adrenalectomy. 

Changes in blood components. The mean changes in some of the blood con- 
stituents for each treatment period are given in Table 1. The effects of adrenal 
deficiency on the serum electrolytes in these calves, a decrease in Serum Na and 
Cl, and an increase in Serum K, appear to follow closely the effects recorded 
for rats, dogs, goats, and sheep (3, 4, 8, 13, 14). 

Although Serum Na and K levels were near normal during the nondeficient 
periods in this experiment, there was a significant decrease in the Serum Na: K 
ratio and in Serum Cl level, and a significant rise in Serum K in all three 
ealves during adrenal deficiency (see Figure 1). In two of the three calves this 
was accompanied by a significant decrease in Serum Na. In the third calf, H-2, 
the Serum Na did not fall significantly, but there was a tremendous increase 
in Serum K (to 71.8 mg/100 ml.). Thus, the Serum Na: K ratios were similar 
for all three calves. 

Probably the most constant finding in all the calves was the fall in Na: K 


ratio during the adrenal-deficient period. The mean Na:K ratio range of 
13.7-16.9 for these calves during the periods before bilateral adrenalectomy 
and during the steroid and salt therapy periods was only slightly lower than 
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TABLE 1 


Effect of adrenalectomy and subsequent steroid and salt therapy on some blood components 
of three calves 
(Treatment means) 


Before Unilateral 


Blood Calf adrenal- adrenal- Steroid Salt No 
component No. ectomy ectomy therapy therapy therapy 
Serum Hl 314 314 281** 

Na H2 354 345 371°* 348 
(mg/100 ml.) G5 363 328** 325* 316** 278** 
Serum Hl 22 2% 39** 

K H2 23 22 25 44** 
(mg/100 ml.) G5 26 23 23 23 29** 
Serum H1 369 397 341* 

Cl H2 426 401 451** s76°* 
(mg/100 ml.) G5 360 408** 353* 350 231** 
Serum H1 1] 12* 12 

Ca H2 12 12 15 13 
(mg/100 ml.) G5 12 12 11 12 12 
Serum H1 14.8 13.7 957° 
Na: K H2 15.7 16.9 15.4 9.0** 
(ratio) G5 14.2 14,2 14.6 14.1 oy" 
RBC H1 6.4 6.1 6.9 
(X 10°/mm* H2 7.9 7.6 7.8 16:7°* 

G5 8.5 y og 7.2 if 8.4** 
Hemoglobin Hl 7.1 6.7 6.5 
(g/100 ml.) H2 9.8 10.6 10.0 126°" 
G5 11.1 10.0 eee" 6.4** 8.4 
Hematocrit Hl 29.3 24.8 28.9 
(%) H2 40.3 38.5 34.0** 53.0** 
G5 43.9 36.0 31.0** 26.0** 31.0 
Eosinophils Hl 175 373 637** 
(per mm.*) H2 176 208 74 448** 
G5 12 150 144 90 
Total H1 4,769 2,810* 2,834** 
neutrophils H2 3,963 3,292 3,453 4,041 
(per mm.*) G5 2,392 3,693 1,160** 1,649 1,390 
Segmented Hl 3,832 1,646** 2,188 
neutrophils H2 3,391 3,129 3,395 3,913 
(per mm.*) G5 2,312 3,583 ** 1,095** 1,641 1,372 





* Significantly different from previous treatments (P < 0.05). 
** Highly significantly different from previous treatments (P < 0.01). 


the 17.2-18.8 Na: K ratios reported for normal cows and 15.9-16.4 Na: K ratio 
for normal calves (7, 16). The fall in Serum Na: K to means of 9.0-9.9 during 
the period of adrenal deficiency was indicative of a decrease in Serum Na, an 
increase in Serum K, or both. In all cases, the fall in Na:K was highly 
significant. 

Another constant finding in these adrenalectomized calves was the depres- 
sion of the heart rate and the irregularity of the heart beat in extreme 
deficiency. This appeared to be correlated with the pronounced increase in 
serum potassium. It has been reported that a high concentration of potassium 
salts in the blood causes slowing of the heart and arrhythmia due to a direct 
effect of potassium on the contractile mechanism of cardiac muscle and on the 
electrical properties of cardiac fiber membranes (1, 12). 

The effect of adrenalectomy on the formed elements of the blood in these 
three calves was variable and not enough calves were used to draw any definite 
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conclusions concerning these effects. According to Gordon (9), adrenalec- 
tomized rats maintained on 1% saline developed an anemia characterized by 
a reduction in RBC, hemoglobin, and hematocrit levels. All of these calves 
exhibited a lower than normal RBC during the period of salt therapy and one 
(G-5) showed a significant reduction following adrenalectomy. Normal values 
for calves have been reported as 9.2-9.8 X 10° RBC/emm, 10.1-11.7 g. hemoglobin/ 
100 ml., and hematocrits ranging from 29.4-43.0% (11, 21). According to these 
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Fie. 1. Changes in blood serum sodium, potassium and chlorides of adrenalectomized 
ealves following withdrawal of steroid (except as noted) and salt therapy. 


standards, Calves H-1 and G-5 exhibited a marked anemia throughout the 
experimental period following adrenalectomy. Calf H-2, though low in RBC, 
was within the normal range in hemoglobin concentration and hematocrit. 
Calves H-2 and G-5 exhibited a significant rise in RBC during the adrenal- 
deficient period, compared to the periods of steroid and salt therapy which 
were accompanied by a similar increase in hematocrit. This was similar to 


the increase in RBC, hemoglobin, and packed cell volume described by others 
(13, 20 

The leukocyte picture also varied greatly in these calves. Two calves, H-1 
and H-2, showed a marked eosinophilia during the adrenal-deficient period 
and G-5 showed insignificant eosinophil changes. Since administration of 
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cortical steroids (9, 13) or ACTH (9, 17) causes a significant reduction in 
eosinophils, it is not surprising to find an eosinophilia occurring during adrenal 
deficiency, though this is not always the case (9). Jones (13) has cited the 
changes in white blood cells following adrenalectomy and indicates that the 
most striking increases are in eosinophils and immature neutrophils. The 
neutrophil picture was variable in the calves in the present study. No sig- 
nificant changes were noted in the lymphocytes or monocytes following adre- 


nalectomy of these calves. 
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FACTORS AFFECTING THE SECRETION OF LODINE™! INTO MILK 
OF LACTATING GOATS! 


E. P. REINEKE 


Department of Physiology and Pharmacology, Michigan State University, East Lansing 


SUMMARY 


Radioactive iodine (I) was injected into eight lactating goats and its relative con- 
centration in the iodide and protein-bound iodine (PBI) fractions of milk and blood 
serum was compared. About 92% of the I™ in milk occurred as iodide and the remainder 
was found in the PBI fraction. During 70 hr. following I" injection the iodide con- 
centration in milk of control animals was more than ten times that in blood serum, 
indicating an active process in mammary tissue for the secretion of iodide. Milk: serum 
iodide concentration was not affected by administration of 5.0 g. thiouracil or 50.0 mg. 
of nonradioactive KI daily. The concentration gradient was abolished, however, by in- 
jecting 1.0 g. daily of KSCN. None of the drug treatments had a discernible effect on 
the PBI fraction of milk. Excluding values for the thiocyanate group (where milk iodide 
secretion was blocked), a 0.795 correlation (P = 0.07) was found between milk iodide: 
serum iodide ratio and daily milk yield. In a preliminary experiment, this correlation 
was 0.913 (P = 0.01). Thus, it is pointed out that in high-producing animals total iodide 
secretion into milk is increased not only because of the greater volume of milk produced 
but also because of the higher iodide concentration gradient maintained in highly active 
mammary tissue. This loss of iodide in milk could indirectly become a limiting factor 
on milk production by reducing the amount of iodide available for the formation of 
thyroid hormone. 


The secretion of administered I'*! into milk has been reported in lactating 
women (6), cows (7), goats (2, 13), dogs (12), rabbits (1), and rats (5, 9, 10). 
Experiments in several different species (2, 5, 6, 9) show that the level of I?*? 
in milk can attain levels many times the amount found concurrently in blood 
serum, indicating active secretion of this element by mammary tissue. A similar 
['8! concentrating ability has also been shown in lactating rat mammary tissues 
incubated with I)*! in vitro (4, 8). Both in vivo (10) and in vitro (8), the 
response of mammary tissue to goitrogenic drugs parallels that of the thyroid 
gland. 

In an earlier paper (2) it was observed, contrary to expectations, that goats 
on a minimal iodine intake had a lower thyroid secretion rate than normal 
controls, together with a reduced thyroidal I'*! uptake and a high milk: plasma 
[131 ratio. From these observations, it was suggested that milk secretion would 
tend to become a self-limiting process because of reduced thyroid function 
resulting from the udder-kidney-thyroid competition for available iodine. The 
results of further experiments on some of the factors involved in the secretion 
of I'31 into milk, and some related observations on thyroidal I'*! uptake, are 


included in the present report. 


Received for publication January 7, 1961. 
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EXPERIMENTAL PROCEDURE 

Eight mature dairy goats of mixed breeding that were in their 5th to 6th mo. 
of lactation were divided into four groups containing two animals each. The 
goats had access to mixed pasture prior to and during the experiment. They 
were also fed, according to appetite, a grain mixture consisting of 188 Ib. 
ground corn, 200 lb. ground oats, 92 lb. soybean oil meal, 10 lb. steamed bone 
meal, and 5 lb. common salt. Experimental treatments were allocated as fol- 
lows: Group A, control; Group B, 50 mg. Nal injected subcutaneously once 
daily; Group C, 1.0 g. KSCN in 5.0 ml. of solution injected subcutaneously 
onee daily; Group D, 2.5 g. thiouracil given orally by gelatin capsule each 
morning and evening. At the beginning of the experiment, each goat was given 
the first dose of the drug treatment indicated, and immediately thereafter was 
given 0.5 MC I'*!? by subeutaneous injection. 

Separate aliquots were prepared from the injection solution in appropriate 
amounts to serve as standards for the thyroid counts and the milk and blood 
serum counts, respectively. 

Thyroid radioactivity was measured as described earlier (2), except that 
3% in. of lead was placed over the face of the scintillation counter to absorb part 
of the radiation. Without such an absorber the count rate from the thyroids 
of some animals receiving the heavy dose of I'*! given in the experiments ex- 
ceeded the capacity of the counter. 

Samples of mixed milk and also of strippings from each morning and 
evening milking of each goat were taken during 70 hr. following I'*! injection. 
Jugular vein blood samples were taken immediately after each milking, allowed 
to clot, and the serum separated. Four-milliliter samples of milk and blood 
serum, respectively, were pipetted into counting vials for measurement of total 
radioactivity. To determine the protein-bound I'*!, 14 ml. of distilled water 
and 2 ml. of 10% ZnSO, were added to 2 ml. of milk or serum in a 50-ml. 
centrifuge tube. Finally, 2 ml. of 0.6 N NaOH was added dropwise, with vig- 
orous shaking. After standing for 20 min. the tubes were centrifuged, the 
supernatant discarded, and the precipitate washed twice with 2.0-ml. portions 
of distilled water. The precipitates were transferred, with the aid of KOH 
solution, to 4+-ml. counting vials. 

All samples were counted with a scintillation well counter connected to a 
laboratory scaler. Appropriate standards made from the injection solution 
were counted at the same time and the results were computed as percentage of 
dose per liter of milk or blood serum. The I"! iodide content was computed 
as the difference between the whole milk or serum count per liter and the PBI"! 
count per liter. Determinations were done on both the mixed milk samples 
and the strippings, but inasmuch as no appreciable differences were found, 
data will be presented for the whole milk samples only. 


* Obtained from Oak Ridge National Laboratories, Oak Ridge, Tennessee. 
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RESULTS AND DISCUSSION 


The charts in Figure 1 depict the pattern observed for the I'*!-labeled com- 
ponents in milk and blood serum of one goat from each of the four treatment 
groups. Since the semilog curves for milk iodide, serum iodide and, in most 
cases, milk PBI are essentially parallel, the relationships between these com- 
ponents can be described most easily by simple ratios. The ratios between the 
several ['*! fractions in serum and milk were computed for each animal at each 
sampling period and then averaged to give the summary in Table 1. 
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Fie. 1. I fractions in milk and blood serum of dairy goats. Chart A—Control Goat 
No. 2; Chart B—Goat No. 3, 50.0 mg. Nal daily; Chart C—Goat No. 5, 1.0 g. KSCN daily; 
Chart D—Goat No. 8, 5 g. thiouracil daily. 


Influence of experimental treatment on thyroidal iodine metabolism. The 
shape of the serum PBI curve reflects in each case the influence of the experi- 
mental treatment on metabolism of iodide by the thyroid gland. It is well 
established that before entering this fraction, iodine must undergo organic 
combination in the thyroid and be released to the circulation. 

In controls (Chart A) the PBI increased with time, as would be expected 
normally. Each of the other treatments was selected for its known influence 
on thyroidal iodine metabolism. 

The extra iodide given to Group B was sufficient to flood the thyroid with 
Nonradioactive I?*7 and consequently prevent organification of administered J?*. 
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TABLE 1 
Mean concentration ratios of I in blood serum and milk during a period of 70 hr. after 
I injection 


Mean 











Total Milk Milk milk Percent- 70-hr. 
milk: iodide: iodide: yield age I’™ Thyroid 
Group and total serum milk per dose in r 
goat No. serum iodide PBI period milk retention 
(ml,) 
A. Control 
] 5.7 13.5 5.9 989 27. 31.5 
+2.54 +2.52 +1,31 
2 5.7 9.9 11.2 1,052 23.3 36.8 
£1.39 +1.38 £1.03 
B. 50 Mg. Nal Daily 
3 23.7 24.6 17.3 1,153 67.4 06 
©1.81 1.52 1.2] 
+ 1.7 1.6 11.4 448 9.4 70 
+ 0.03 + 0.55 +£2.50 
C. 1 g. KSCN daily 
5 0.85 1.07 906 6.4 32.5 
+ 0.47 £0.43 
6 1.06 1.09 393 3.7 29.7 
~0.40 £0.35 
D. Thiouracil, 5 g. daily 
7 7.5 10.2 10.8 576 28.5 3.20 
£1.17 +1.12 +2.00 
8 10.9 10.7 11.3 512 27. 0.63 
+£0.59 £0.49 £1.07 


+ Standard error of the mean. 


Thioeyanate, when given in sufficient dosage, will block trapping of iodide 
by the thyroid (11). In both goats of this group, blockage of the thyroid 
trapping mechanism was incomplete, as shown by both the increase in serum 
PBI (Chart C) and the high thyroidal I'*! uptake (Table 1). 

Thiouracil blocks thyroid function by interfering with organic combinations 
of iodine, but it does not affect the iodide trapping mechanism (3). Its effect 
is reflected in a low serum PBI (Chart D) as well as a low thyroidal [*? 
retention (Table 1). 

I?*1 concentration in milk compared to blood serum. The average milk 
iodide: PBI ratio for all samples in Table is 11.8, equivalent to about 92% 
iodide. This compares closely with the iodide level in cows’ milk reported by 
Lengeman and Swanson (7). In the milk of rats (10), up to 86% of the I’** was 
found to be organically bound as monoiodotyrosine, and in dogs up to 60% was 
protein-bound (12). In both cases, organic binding was blocked or reduced by 
propyl thiouracil. There is no indication that the proportion of PBI in goat 
milk was influenced by any of the experimental treatments. The methods em- 
ployed, however, were probably not sufficiently sensitive to detect changes in 
the comparatively small milk PBI fraction of this species. 


In agreement with earlier reports in the goat (2), dog (12), rat (10), and 
women (6), the results in Table 1 show that the mammary glands have remark- 
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able ability to concentrate iodide above the levels prevailing in the blood serum. 
The two control goats had an average milk iodide: serum iodide ratio of 11.4. 

Even though 1.0 g. KSCN (Group C) was insufficient to block the thyroid, 
it reduced the milk: serum iodide ratio to about one, indicating that the udder 
is far more sensitive than the thyroid gland to this drug. This result indicates 
that thiocyanate blocks the active secretory mechanism for iodide in mammary 
tissue, since the amount appearing in the milk is no more than can be accounted 
for by simple diffusion. A similar effect of thiocyanate has been found in 
lactating rat mammary tissue studied in vitro (8). 

The milk iodide: serum iodide ratio as well as the percentage of I'*! dose in 
milk of the thiouracil-treated goats was similar to that of the controls, even 
though the thyroidal I'*! retention was markedly reduced. These results illus- 
trate a clear-cut difference between the mammary and thyroid iodine mecha- 
nisms. Once iodine enters mammary tissue it passes into the milk largely as 
iodide. In the thyroid, the iodide collected initially must pass through the bio- 
chemical steps leading to organic combination or it will be returned rapidly 
to the blood. In Table 1 only the 70-hr. retention of thyroidal I)*! is given, 
because peak uptake of I'*! occurs in normal goats at about this time (2). 
However, counts taken at 24 and 48 hr. showed that there was a transitory I)! 
uptake by the thyroids of thiouracil-treated animals, in line with the above 
interpretation. 

The effects of iodide supplementation (Group B) on milk iodide concentra- 
tion appear at first glance to be contradictory, in that both high and low milk 
iodide : serum iodide ratios were found in the two animals of this group. Further- 
more, Goat No. 3, the highest milk producer in the experiment, had the highest 
iodide concentration ratio. The iodide dose was sufficient in both cases to sub- 
stantially prevent thyroid accumulation of I'*', simply by dilution of the 
isotope. The percentage of I'*! dose eliminated in the milk of both animals, 
compared to the thyroid uptake, shows that the udder has a much greater total 
capacity than the thyroid for handling iodine. ; 

Inasmuch as the experimental treatments given to Groups A, B, and D did 
not have a discernible effect on the milk iodide: serum iodide ratio, it seemed 
valid to pool these values to determine the effect of milk yield on concentration 
ratio. As determined by least squares, the relation between milk iodide: serum 
iodide ratio (y) and milk yield in milliliters per period (2) can be expressed 
by the equation y = —2.1538 + 0.01897z. A correlation coefficient of 0.795, 
significant at the 7.0% level, was found. 

In a preliminary experiment conducted with the same goats and treatments 
2 mo. earlier, the results paralleled closely those presented here and, therefore, 
will not be reported in detail. It is of interest, however, that in six animals 
divided into control, iodide, and thiouracil treatment groups in the preliminary 
experiment there was a 0.913 correlation between milk yield and milk iodide: 
serum iodide ratio that was significant at the 1.0% level. Thus, in high-produc- 
ing animals total iodide secretion into milk is increased not only because of the 
greater volume of milk produced but also because of the greater iodide con- 
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centration gradient maintained in highly active mammary tissue. These findings 
support further the conclusion of Flamboe and Reineke (2) that, at least under 
conditions of limited iodine supply, lactation tends to become a self-limiting 
process because of reduced thyroid function resulting from the udder-kidney- 
thyroid competition for available iodine. The recent report of Grosvenor on 
experiments with lactating rats (5) is also in accord with this interpretation. 
If similar relationships are found in dairy cattle this could be a factor of con- 
siderable importance in herd management. 
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TECHNICAL 


LIPOLYSIS BY A B-ESTERASE 


Milk contains enzymes eapable of preferen- 
tially hydrolyzing the primary ester positions 
of the synthetic triglycerides, 2-oleyl dipalmitin 
and 2-palmitoyl diolein (3). Forster et al. (2) 
have demonstrated that milk also contains an 
enzyme, B-esterase, which hydrolyzes tribu- 
tyrin and has been designated as an aliphatic 
esterase or lipase. The question arose, does 
B-esterase hydrolyze long-chain triglycerides 
in the same sequence as milk lipase? The 
preparation of a B-esterase concentrate from 
milk (8), by one of the authors (T.L.F.), 
permitted this question to be answered. 

B-esterase concentrate was added at a level 
of between 1 and 3% to an emulsion of syn- 
thetically prepared 2-oleyl dipalmitin (3) in 
pasteurized skimmilk and the resulting mixture 
ineubated for 30 min. in a water bath at 38° C. 
with shaking. After extraction and separation 
of the free fatty acids (3), these were identi- 
fied as methyl esters by gas-liquid chromatog- 
raphy. (Aerograph Model A-90C.) The con- 
centrations of palmitie and oleic acids were 
determined from the areas under the peaks on 
the charts by a dise integrator built into the 
recorder. In addition, 1 g. of the B-esterase 
concentrate was mixed with 60 ml. of pasteur- 
ized, homogenized milk and ineubated at 38° C. 
with shaking for 30 min. The mixture was ex- 
tracted and the 1- and 2-monoglyceride con- 
tents estimated (5). Acid degree values were 
determined by the silica gel method (4) and 


*This investigation was supported in part by 
research grant (A-2605) from the National In- 
stitute of Arthritis and Metabolic Diseases, Public 
Health Services. 


NOTES 
PREPARATION FROM MILK! 


the water-insoluble free fatty acids were recov- 
ered qualitatively, methyl esters prepared, and 
the latter compounds indentified by gas-liquid 
chromatography. Three trials were conducted 
with the synthetic triglyceride and one with 
milk. 

Preferential hydrolysis of the primary ester 
positions by the B-esterase preparation is dem- 
onstrated by the relatively high molar per- 
centage, 86.2, of palmitic acid in the free fatty 
acids from lipolyzed 2-oleyl dipalmitin, Table 
1. Thus, the B-esterase preparation hydrolyzes 
2-oleyl dipalmitin in the same sequence as milk 
lipases (3). The relatively high proportion of 
2-monoglycerides, 81.9%, in the digested milk 
fat (Table 1) lends further support to prefer- 
ential hydrolysis of primary ester positions by 
the B-esterase preparation. Again, similar re- 
sults have been obtained with milk lipases (6). 
The presence of diglycerides in the digested 
milk fat is indicated by the following assump- 
tions: If 2 mM of free fatty acid is designated 
as having been liberated from each millimole 
of monoglyceride, the resulting quantity, 4.98, 
from the data in Table 1, is far short of the 
10.72 mM of free fatty acids recovered. There- 
fore, if little glycerol is produced, then diglye- 
erides of the 1,2-type must be present (6). The 
small amount of fatty acid apparently released 
from the 2-position in 2-oleyl dipalmitin may 
be due to hydrolysis from the 2-position, impure 
triglycerides, or acyl migration to the 1-posi- 
tion followed by hydrolysis. Acyl migration is 
known to oceur with both mono- and diglycer- 
ides (1, 7) and could account for the 13.8 M% 
oleic acid found in the free fatty acids. 


TABLE 1 


Lipolysis by 


a B-esterase concentrate from milk 





Substrate 


Products of lipolysis 





Oleyl dipalmitin 


Milk fat” 


Acid 10:6 11:0 12:0 
Wt. % 2.5 0.5 5.1 
Acid 16:1 16:0 17:0 

3.0 25.4 0.5 


Wt. % 








* Average of three trials. 
» One trial. 
“Silica gel method. 
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Free fatty acids—M %* 


Palmitic 86.2 

Oleic 13.8 

Monoglycerides—2.49 mM/100 g. fat 

2-Isomer 81.9% 

1-Isomer 18.1% 
Acid degree value ‘ 

10.72 


Water-insoluble free fatty acids 


13:0 14:1 14:0 15:0 
0.6 1.0 11.9 1.0 

18:2 18:] 18:0 ? 
1.5 1.7 


26.9 


18.3 
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The identity of the fatty acids liberated 
from milk fat by the B-esterase preparation 
(Table 1) shows that the concentrate released 
long-chain fatty acids. No attempt was made 
to recover the short-chain acids. 

These data indicate that B-esterase concen- 
trate contains an enzyme(s) with properties 
similar to milk lipase, in that both preferen- 
tially hydrolyze the primary ester positions of 
long-chain synthetic triglycerides, both prefer- 
entially hydrolyze the primary ester positions 
of milk triglycerides, and both release long- 
chain fatty acids from milk triglycerides. 


R. G. JENSEN 
G. W. GANDER 
J. SAMPUGNA 
Department of Animal Industries 
Storrs Agricultural Experiment Station 
Storrs, Connecticut 

AND 
T. L. Forster 
Department of Dairy Science 
State University of Washington 
Pullman, Washington 
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INTERESTERIFIED BUTTER OIL 


Improvement in the spreadability of butter 
should enhance its consumer acceptance. Spread- 
ability is influenced by the composition and 
structure of the fat, the erystalline condition 
of the fat, and the distribution of moisture and 
nonfat constituents. In general, these factors 
ean be controlled. However, the chemical com- 
position and structure of the fat can not be 
controlled economically or technically within 
the present definition of butter. 

The consistency of lard has been improved 
by rearranging the fat structure by either 
random (7) or directed interesterification (6), 
the improvement being greater with the latter 
method. 

Interesterification is conducted in an inert 
atmosphere, using sodium potassium alloy cata- 
lyst. The reaction is random if liquid fats only 
are present, but directed if the temperature is 
low enough to allow formation of some solid 
fat. An inert solvent facilitates directed inter- 
esterification (3). 

The improvement of lard by interesterifica- 
tion suggested a similar approach for improv- 
ing butter oil. This note presents the results 
of such a study. 


EXPERIMENTAL PROCEDURES 


Several lots of butter oil were prepared by 
mixing butter with five to seven parts of water 


at 60° C. and passing the mixture through a 
separator. The separated oil was mixed with 
warm water and separated. The oil was thus 
washed three or four times and dried by heat- 
ing it at 95-100° C. and 2-5 mm. pressure for 
1 hr. with oxygen-free nitrogen bubbling 
through it to provide agitation. 

In preliminary experiments sodium methylate 
was used as the catalyst and the ratio of solids 
to liquids was determined by a centrifugal 
method. The methods finally adapted were 
found to be superior. 

For random interesterification, the butter oil 
was heated at 40-45° C. for 1% to 6 hr. during 
agitation in a nitrogen atmosphere, using 0.1 
to 0.3% sodium potassium alloy catalyst. 
Shortly after the catalyst was added, an orange 
color developed which disappeared with reap- 
pearance of the original yellow color after the 
catalyst was discharged by passing into the 
oil a stream of moist carbon dioxide and adding 
a very slight excess of acetic acid. The treated 
oil was washed thoroughly with warm water. 

For directed interesterification, the butter oil 
was treated as above, except as follows: Usu- 
ally hexane or xylene, 11-23% by weight, was 
added prior to starting the reaction, in order 
to facilitate mixing and reaction at lower tem- 
peratures (3). The reaction was started at 
25-38° C. and the temperature was dropped in 








re 





n 


a i i 


SM ed eed 


es 


Ee" lCUrrlCUht~CS 





TECHNICAL NOTES 945 


three to five stages, with some mixing at each 
stage, until the mixture was rather stiff—usu- 
ally to 10-25° C. The catalyst was discharged, 
the oil washed, and the solvent removed by 
distillation. 

In experiments 1-DF and 2-DF, interesteri- 
fication was carried out in a food mixer, with- 
out solvent. Some difficulty was experienced 
in maintaining an inert atmosphere for long 
periods and, therefore, this procedure was not 
used further. 

Interesterified butter oil was deodorized by 
passing steam through it for 1 to 2 hr. at 
200° C. and 5-10 mm. pressure to remove off- 
flavor, particularly bitterness. 


ANALYSES 

An indication of hardness was obtained by 
using a modification of a micro-penetration 
method (4) and a precision penetrometer.’ The 
fat was tempered 1 hr. before the penetration 
measurement. 

Other characteristics determined were as fol- 
lows: cooling curve (5), dilatometry (2), ic- 
dine value (1), insolubility in hexane at 4° C. 
(3), solubility in 95% ethanol at 4° C., and 
capillary melting point. 

The cooling curves and the dilatometric and 
penetration data shown in Figures 1, 2, and 3 
are typical of the changes brought about by 
interesterification. 


RESULTS AND DISCUSSION 


In Experiment 2-DF, the iodine values be- 
fore and after interesterification were 30.25 and 
30.15, respectively, suggesting no over-all change 
in percentage of different fatty acids resulting 
from interesterification. 

Directed interesterification brought about 
greater changes than random interesterification. 
Increases in melting point were greater in the 


‘A Precision Penetrometer, made by the Pre- 
cision Manufacturing Company, was used. It is 
not implied that the U. S. Department of Agri- 
culture recommends this company or its product 
to the possible exclusion of others in the same 
business. 


TEMPERATURE, °C. 


Directed 
50 interesterified 
butter oil 





Butter oil 


25 


°- 
- 
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Fie. 1. Cooling curve for butter oil and di- 
rected interesterified butter oil. Room constant 
at 15.6° C. 
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TEMPERATURE, °C 
Fig. 2. Per cent solid fat in directed inter- 
esterified butter oil (DIBO), butter oil (BO), 
Mix 1 (one part DIBO and two parts BO), Mix 
2 (two parts DIBO and one part BO), and ran- 
dom interesterified butter oil (RIBO). 


PENETRATION, 1/10 MM. 
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Fic. 3. Penetration data for butter oil (BO), 
random interesterified butter oil (RIBO), and di- 
rected interesterified butter oil (DIBO). 


presence of a solvent than in its absence. The 
melting point was raised about 15° C. by di- 
rected, and only about half as much by random, 
interesterification. Insolubility in hexane was 
about 41% with directed interesterification and 
about 3% with the control. The solubility in 
95% ethanol was somewhat greater with di- 
rected than with random interesterification. 

Increased insolubility in hexane reflects an 
inerease in the quantity of higher melting, long- 
chain, saturated triglycerides, whereas increased 
solubility in ethanol reflects an increased quan- 
tity of short-chain glycerides. 

The cooling curve data in Figure 1 indicate 
a wide distribution of all fatty acids in the 
original butter oil. During directed interesteri- 
fication higher melting fatty acids concentrate 
on the same glycerides, yielding considerable 
erystals which melt within a narrow range. 
This is responsible for the upturn in the cooling 
curve. 

The pattern of percentage of solid fat dis- 
tribution at different temperatures (Figure 2) 
was altered slightly by random and consider- 
ably by directed interesterification. For the 
latter, the relatively broad temperature range 
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TABLE 1 
Interestifying conditions and some properties of butter oil before and after interesterification 


Experimental conditions Properties 





: Temperature Ethanol 
Wt. Hex- Insol. Fat sol. 
Expt. BO” Cat. Solv. Start Final Time M.P. ane M.P. I.V. fat 
(No.) (g.) (%) (%) (°C.) (°C.) (hr.) (°C) (Roof (%) 
BO) 
1-R 340 0.3 40 45 Ie 39.7 11.2 54.5 6.35 10.6 
33.5° 3.0 52.1 7.25 
»-R 600 0.1 55 5 3 40.6 8.6 53.0 4.87 12.1 
33.6 44 52.6 6.26 6.55 
3-R 600 0.1 55 it) 4 40.7 
33.6 
4-R 600 0.1 55 55 6 43.3 
33.6 
1-DF 880 0.48 30 20 3 44.2 
34.5 
2.DF 841 0.7 30 20 3 44.4 
$4.5 
1-DS 678 0.1 22.9 X 30 10 e 42.5 
33.5 
2-DS «678 0.1 11.3 X 30 15.6 d 47.5 41.0 55.0 4.15 12.55 
35.5 3.0 52.1 7.25 
3-DS 443 0.6 20.3 H 38 25 ‘ 47.4 
35.6 
4-DS 328 0.3 16.3 H 25 10 f 48.5- 41.4 54.0 9.86 14.0 
33.5 3.0 52.1 7.25 





*Underseored data are for the control butter oil. 

» Abbreviations: BO= butter oil; Cat.= NaK catalyst, % of BO; D=directed inter- 
esterification; F=using food mixer; H=hexane; I.V.=iodine value; M.P.= melting 
point; R=random interesterification; sol.=soluble; Solv.=solvent; X = xylene. 


* 182 hr. in five temperature stages. 
“159 hr. in four temperature stages. 
°40 hr. in three temperature stages. 
* 61 hr. in five temperature stages. 


of 5 to 25° C., where the percentage of solid 
fat changes but slightly, is noteworthy. 
Penetration and dilatometric data (Figures 
2 and 3) do not correlate well except within 
certain limited temperature ranges. Penetra- 
tion data, an indication of hardness, show a 
more nearly linear relation with temperature 
than does the percentage of solids. Therefore, 
penetration should be of more value than dila- 
tometry in predicting the spreadability of 
butter made from interesterified butter oil. 
Changes in the percentage of solid fat result- 
ing from mixing directed interesterified butter 
oil and normal butter oil in the ratio of 2 to 1 
indicate that in the temperature range 10-30° C., 
the solid fat is as much as 3% more than the 
ealeulated value, but between 35 and 40° C. it 


Some difficulty was experienced in removing 
the last traces of xylene. Hence, hexane is 
the preferred solvent. 

An interesterified, steam-deodorized butter oil 
was recombined with skimmilk. It was seored 
37 by a panel of experienced judges of milk 
quality, which is as good as many market milks. 

Pound and other cakes made with steam- 
deodorized, interesterified butter oil were in- 
ferior in flavor and texture to those made with 
untreated butter oil. Cakes made with steam- 
deodorized, untreated butter oil were similar 
in flavor and texture to those made with non- 
deodorized untreated butter oil. 

The properties of interesterified butter oil, 
as well as mixtures containing one-third to 
two-thirds butter oil, suggested no application 


is 10-12% less than the caleulated value. The for general use in butter or other foods. How- 
latter difference agrees in magnitude with ever, removal of the higher melting g!yceride 
fraction that separates during directed inter- 
esterification should yield a softer fat. 


values observed by Woerfel and Bates (8) for 
mixtures of lard and tallow at 10°C. 


The 
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latter alone, or mixed with ordinary butter oil, 
should serve to make butter of almost any de- 
sired hardness. 
HerMAN D. WEIHE 
Dairy Products Laboratory 
U. S. Department of Agriculture 
Eastern Utilization Research and 
Development Division 
Washington, D. C. 
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MILKING EFFICIENCY AND DURABILITY OF MILKING MACHINE 
INFLATIONS OF VARIOUS COMPOUNDINGS ! 


The idea has been prevalent among dairy- 
men that milking machine inflations of syn- 
thetic rubber do not milk as well as natural 
inflations. Thus, despite a longer useful life 
for the syntheties, the suspected lower milking 
efficiency has been a deterrent to their use. 

Rate of fat absorption by inflations has been 
shown (2) to vary markedly with composition 
of rubber. 

This study was initiated in an attempt to 
learn whether inflations of different compound- 
ing would produce different rates of milking. 
In addition, it was hoped that some conclusions 
might be reached as to the decline in milking 
rate that might be encountered with continued 
usage of the inflations. 


METHODS 


The milking rate of ten different groups of 
milking machine inflations were studied with 
the Colorado State University Holstein-Frie- 
sian herd. Milking rate was determined as the 
percentage of total milk production which was 
produced in 2 min., as suggested by Beck et al. 
(1). The milking machine inflations were classi- 
fied in groups according to design and material, 
as listed in Table 1. 

Type III or IIIa always served as the con- 
trol group, since these inflations were manu- 
factured under rigidly controlled conditions and 
inflations of the same compounding had been 
studied extensively in previous work (4). There 
were nine separate trials or phases of this 
study involving the comparison of either Type 
III or IIIa against all the other groups. 


‘Published with the approval of the Director, 
Colorado Agricultural Experiment Station, as Sei- 
entific Series Publication No. 636. 


In a preliminary trial, the milking rate was 
established for each cow and on this basis the 
cows were divided into two as nearly equal 
groups as possible. The cows were milked in 
a six-cow elevated milking parlor. All equip- 
ment and facilities were less than 1 yr. old 
and installed and regulated to the latest speci- 
fications of the manufacturer (vacuum level, 
15 inches of mereury). One group of cows 
was milked by three units on one side of the 
parlor and the other group by three units on 
the other side. Each group consisted of 20 
COWS. 

At the start of each experimental phase, new 
liners were installed on all milking units. The 
three units on one side (sduth) were always 
equipped initially with the liners of Type III 
or IIIa, which served as the control or com- 
parison group in all trials. The other side 
(north) was equipped with one of the other 
types of liners under study. Following the 
installation of new liners, the milking rate was 
determined for six consecutive milkings. 

The control (Type III or IIIa) and the ex- 
perimental group under study were then re- 
versed (control group on the north side and 
the experimental group on the south side). 
This reversal procedure was followed once a 
week during each phase of the study. Milking 
rates were determined for six consecutive milk- 
ings after each reversal. Each trial or phase 
of this project lasted 3 wk., with the exception 
of Trial 5, which lasted 8 wk. 

Standard procedure was followed in milking 
the cows. Milk let-down was stimulated by 
wiping the teats and the floor of the udder for 
30 see. with a paper towel soaked with water 
containing disinfectant, and dried with another 
paper towel. This was followed by stripping 
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Design and compounding material of 
Inflation 
type Design 

I Tapered Body 
Ta Straight Body 
II Tapered Body 
Ila Straight Body 
IIT Tapered Body 
IIla Straight Body 
IV Straight Body 
Vv Straight Body 
Va Straight Body 
VI Straight Body 


the milking machine inflations studied 


Material 


Special purpose synthetic compound A 
Special purpose synthetic compound A 
Special purpose blend compound B 
Special purpose blend compound B 
Rubber compound X 

Rubber compound X 

Neoprene 

Rubber compound Y 

Rubber compound Z 

Special purpose synthetie compound C 





two or three full hand-squeezes of milk from 
each quarter into a strip cup. A time interval 
of approximately 1 min. elapsed between stimu- 
lation and application of teat cups. 

The interior surfaces of the inflations were 
inspected periodically for blistering, deteriora- 
tion, and other possible abnormalities. The 
inflations were checked periodically for flat- 
ness by turning the inflation between the index 
finger and thumb. 

The final trial involved six different types 
of inflations (Ia, IIa, IIIa, IV, V, and VI), 
which were installed on the six milking units 
and inspected once a week as described above. 
This trial was initiated to study the useful life 
of the six inflations of the same design but of 
different compounding. During this trial milk- 
ing efficiency was not ineluded, since the only 
purpose was to determine the useful life of 
each type of inflation. 

Temperature and weather data were col- 
lected from the Colorado State University 
Weather Station, to determine whether en- 
vironmental changes could be related to milk- 
ing efficiency or to the deterioration of infla- 
tions. 

RESULTS AND DISCUSSION 


Graphie presentation of the average milking 
rate for the two groups of cows in each of the 
triel- is shown in Figure 1. The control rubber 
inflations (Type III or IIIa) were compared 
to six other compounds: two other rubbers (V 
and Va), two special-purpose synthetics (I and 
VI), a special-purpose blend (II), and a neo- 
prene (IV). In addition, the study involved 
differences in design of inflations (straight vs. 
tapered body) of the same compounding. 

There were few differences in milking rate 
between the various compounds or designs when 
compared with the control group or with each 
other. Milking efficiency was not increased 
when, at the start of a new trial, new inflations 
were substituted for used inflations. Very 
little change was observed in the milking effi- 
ciency of those inflations (IIIa, IV, V) in 
which the interior surface did deteriorate with 
continued usage. These results do not agree 


with the results obtained by White and Folds 


(5), from a limitec study of milking rate, in 
which they found neoprene inflations to be 
slightly superior in milking rate to natural 
rubber inflations. 

Weather and temperature observations taken 
during the experiment show little relation to 
milking efficiency except under extreme condi- 
tions. In Trial 6, there were 11 in. of snow 
on the tenth day of the experiment, which may 
account for the large decrease in milking effi- 
ciency on this date. 

During Trial 8, unavoidable irregularity in 
the time of milking produced marked fluctua- 
tions in milking efficiency, which were inde- 
pendent of the type of liner used. 

Throughout this study, no clear influence of 
the type or the usage of inflations on the milk- 
ing efficiency was apparent, either from the 
average of groups or among individual cows. 
A brief report (3) indicates that similar re- 
sults were obtained when six types of natural 
and synthetic rubber liners were evaluated for 
milking rate by cine photography. During the 
same time, fluctuations due to individual dif- 
ferences, stage of lactation, extremes of weather, 
and regularity of milking were apparent. The 
conclusion seems warranted that the latter fac- 
tors are of far greater significance in deter- 
mining the rate of milking than any of the 
characteristics of inflations studied in these 
trials. 

In the last trial, each of the various com- 
pounded materials was placed on a separate 
milking machine to study its useful life. The 
Type IV inflations showed flatness and blister- 
ing at the end of 4 wk., while all the other 
types showed no change. Types IIIa and V 
inflations began to show blistering at the end 
of 6 wk. Types Ia, IIa, and VI showed no 
visible changes or flatness after 8 wk. These 
observations are the same as those noted during 
individual comparisons of liner types. White 
and Folds (5) reported that neoprene con- 
sistently outlasted natural rubber inflations 
under farm conditions. The contrasting re- 
sults found in this study may be the result of 
using neoprene of a formulation different from 
that used by White and Folds (5). 
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A COMPARISON OF SCORES AND MEASUREMENTS OF THE 
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Shape and attachments of the udder, and 
size, shape, and placement of the teats are 
generally considered important characters of 
the dairy cow, and most breeders try to improve 
these characters by selection. In the judging 
of cows, udder and teats are carefully consid- 
ered and their development and qualities are 
major factors in the final rating of the animals. 
On the seore-card of the Purebred Dairy Cattle 
Association, 25 points out of 100 are reserved 
for the seoring of udder and teats. It is a 
general experience that when characters of farm 
animals can be satisfactorily measured, the 
actual measurements are preferable to scores 
or other similar evaluations, because the varia- 
tions are recorded more precisely. This is the 
situation with regard to weight and wither 
height as measures of body size, and to milk 
yield and fat content of the milk. It is 
true also for the proportions and tilt of the 
udder and for the size and placement of the 
teats. Some other udder characters, e.g., at- 
tachment to the body, may be impossible to 
measure, and a system of scoring may, there- 
fore, be necessary. 

Benson, Tyler, and Hyatt (1) analyzed data 
for 83 Ayrshire cows which had been rated 
semiannually by two official classifiers, one of 
whom returned for each classification, whereas 
the other was a different person each time. The 
repeatability of the ratings made in different 
years by the same and by different classifiers 
was as follows: shape and size of udder 0.34 
and 0.32, attachment of udder 0.30 and 0.32, 
veins, teats, and quality of udder 0.37 and 0.30, 
respectively. The heritability of udder ratings 
was studied by Freeman and Dunbar (2) on 
1,180 dam-daughter pairs of Ayrshire cows. 
The estimates of heritability were for size and 
shape of udder 0.08, for udder attachment 0.06, 
and for veins, teats, and udder quality 0.27. 
Other estimates of the heritability of scores 
for udder and teats have been made by Van 
Vleck, O’Bleness, and Henderson (5), based 
on 843 dam-daughter pairs of the Holstein- 
Friesian breed. The results obtained were: for 
shape of rear udder 0.04, shape of front udder 
0.05, udder texture 0.28, depth of udder 0.22, 
levelness of udder 0.09, strength of attachment 
of rear udder 0.30, strength of attachment of 


* Present address: Institute for Animal Genetics, 
Royal Agricultural College, Uppsala, Sweden. 


front udder 0.16, udder quartering 0.18, length 
of rear teats 0.09, and length of front teats 
0.05. The estimates for shape of udder and 
length of teats are surprisingly low when com- 
pared to results that have been obtained on 
the basis of actual measurements of these 
characters. 

Johansson and Korkman (4) and Johansson 
(3) studied the udders and teats of some 1,000 
cows of the two main Swedish dairy breeds. 
The udder proportions were determined by 
weighing the milk from each quarter separately. 
From the results of the test milkings four udder 
indices were calculated, viz., (1) Irr = the yield 
of the two front quarters in per cent of the 
total yield of the udder; (2) I:r= the yield 
of the two left quarters in per cent of the total 
yield; (3) Is=the yield of the left front 
quarter in per cent of the total yield of both 
front quarters; and (4) Ir = the yield of the 
left rear quarter in per cent of the total yield 
of both rear quarters. The means (Z) and 
standard deviations (s) obtained for these udder 
indices are shown in Table 1. 

On an average, the left quarters produced 
the same amount of milk as did the right quar- 
ters, but the yield of the front quarters was 
only 42.8 and 39.1% of the total yield, re- 
spectively, for the two breeds. Furthermore, 
the standard deviation of the index Irr was 
about twice as large as that of I:r. There were 
highly significant differences between daughter 
groups from different sires and a highly sig- 
nificant dam-daughter correlation (within sires) 
with regard to Irr, but not for any of the three 
other indices. The estimates of heritability were 
0.76 + 0.12 for Irr and 0.08+ 0.08 for Iz. 
The results show that the proportion of yield 
between front and rear quarters is highly heri- 
table, whereas the variations between the left 
and right quarters is almost wholly nongenetic, 
probably being caused by developmental ir- 
regularities and udder infections. Accordingly, 
the prospects are good for an improvement of 
the proportion between the front and rear 
quarters by selection, but there seems to be 
little possibility for a genetic improvement of 
the proportions between the left and right 
quarters. 

A comparison was made between the indices 
Irr and I:r and the seores of the udders as- 
signed by a technical assistant. The agreement 
was rather poor. By exterior examination it 
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TABLE 1 


Averages and standard deviations for the udder indices in two Swedish dairy herds 





Johansson 


Per cent of total yield of 
the udder 


No. Irer 
(front/total ) 
(x) (s) 
Swedish Red and 
White cattle 569 42.8 5.83 
Swedish Friesian 488 39.1 6.59 


was possible to point out the more extreme 
types of disproportionate udders, but moderate 
deviations in symmetry were overlooked. 

To check how accurately an experienced 
judge of dairy cattle might be able to assess 
the actual proportions of seeretory tissue when 
scoring the development of the quarters on the 
basis of their outer ‘appearance, a study was 
made of 56 cows at the Illinois Agricultural 
Experiment Station, representing the five ma- 
jor dairy breeds. The yield of each quarter 
was weighed at two evening milkings, with an 
interval of about 5 wk. A special milking ma- 
chine was used with four partitions of the 
pail, one for each quarter of the udder.” Imme- 
diately before the test milkings, the udder pro- 
portions were scored, using a scale of 1 to 10 
for each of the following three items: the 
proportion between the two front and the two 
rear quarters, the proportion between the two 
front quarters, and the proportion between the 
two rear quarters. The score 5 indicated com- 
plete symmetry, whereas lower or higher figures 
were intended to express the degree of under- 
or over-development corresponding to actual 
measurements to the yield (40, 60%, ete.). In 
estimating the proportions between front and 
rear udder, half as well as full points were 
used (4, 4.5, 5.0, 5.5, 6, 6.5, ete.), but for the 
proportion between left and right quarters of 
the front and rear udder, respectively, only 
full points were used. For example, the cow 
1628 on the first observation was scored as 
follows: front half 3.5, rear half 6.5, left front 


*The four-quartered milker unit was courteously 
placed at the authors’ disposal by the DeLaval 
Separator Company, Chicago. 





Johansson and Korkman 


Front Rear 

Iur index index 

(left total) (Ir) (Ir) 
(x) (s) (x) (s) (a) (s) 
50.0 3.05 49.9 4.38 50.1 3.74 
5.33 50.0 4.60 


49.8 3.87 49.3 


5, right front 5, left rear 6, right rear 4. These 
seores indicated that the two front quarters of 
the udder were estimated to represent 35% 
and the two rear quarters 65% of the total 
udder development; the two front quarters 
were equally developed; and the left rear quar- 
ter showed greater development than did the 
right rear quarter, a ratio of 6: 4. 

The data were analyzed to estimate the re- 
peatability of measurements and scores, and 
to show how closely measurements and scores 
agree, i.e., the correlation between them. To 
obtain a more direct comparison between meas- 
urements and scores, each measurement was 
transferred to a grade, based on the percentage 
figure; e.g., 42.6-47.5% of the milk produced 
by the front quarters was translated to grade 
4.5, ete. Since it may be assumed that the errors 
of measurements and scores are larger for low- 
than for high-producing cows, the data were 
first divided into two groups, and the error of 
measurement, defined as the square root of the 
variance within cows, was calculated for each 
group separately. The differences between the 
two groups were small and insignificant and, 
therefore, only the results for the total number 
of cows are presented in Table 2 and no com- 
parison between breeds was attempted. 

The repeatability is high for the indices, 
which are based on actual measurements of the 
yield of the individual quarters. When the 
indices are transformed to grades, some of the 
precision is lost, but in spite thereof the re- 
peatability of the grades is almost twice as high 
as that of the scores. All the three sets of 
scores have a low repeatability, but the sym- 
metry of the front quarters seems to be par- 


TABLE 2 


Errors of measurement and repeatability of indices, grades, and scores 


Indices 


Error of 


Error of 


Grades Seores 


Error of 


measure- Repeat- measure- Repeat- measure- Repeat- 
ment ability ment ability ment ability 
Front quarters 1.84 0.86 0.25 0.75 0.69 0.33 
Rear quarters 1.47 0.89 0.23 0.73 0.55 0.49 
0.90 0.22 0.82 0.55 


Front/total 1.54 


0.47 
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ticularly difficult to assess. It should be noted 
that only the relative developmert of the quar- 
ters, and no other udder characteristies, was 
considered in the scoring of the udder pro- 
portions. 

The results of the correlation analysis are 
shown in Table 3. 

TABLE 3 
Coefficients of correlation between udder indices 
and seores (within sets of measurements, 
degrees of freedom 108) 


Index Grade 
seore seore 
Front quarters 0.83 0.76 
Rear quarters 0.65 0.61 
Front/total 0.32 0.33 


All the coefficients are significant at the 0.1% 
level. However, the correlation between the 
seore and the index for front/rear symmetry 
is rather low, which indicates that this char- 
acter was not assessed with satisfactory accu- 
racy by judging. The accuracy in seoring for 
symmetry of the front quarters, and the rear 
quarters, is higher, but these scores and indices 
are of little value to the breeder from a selee- 
tion point of view because variation in sym- 
metry of quarter of the udder is almost wholly 
nongenetie. 

It is not surprising that the estimates of 
heritability of scores for shape of udder and 
size of teats which have been obtained by Free- 
man and Dunbar (2) and by Van Vleck, 
O’Bleness, and Henderson (5) do not deviate 
significantly from zero. In the first place, the 
accuracy in evaluating these characters is low, 
and secondly, the seore is often a composite 
expression for several characters which should 
be evaluated separately, e.g., shape and size 
of the udder; or veins, teats, and quality. 
Johansson (3) found that actual measurements 
of the teats and their placement had a high or 
moderately high heritability. The following 
estimates were obtained: length of teats 0.98 
+ 0.20; diameter of the teats 0.38 + 0.22, dis- 
tance between the front and rear teats 0.50 + 
0.22, and index of teat placement (the distance 
between the rear teats in per cent of the dis- 
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tance between the front teats 0.36 + 9.22). A 
selection based on actual measurements of the 
front/rear symmetry of the udder and of the 
size and placement of the teats can be expected 
to yield satisfactory results, whereas a selec- 
tion based on seores for these characters prob- 
ably would lead nowhere. 


SUMMARY 


Actual measurements of the udder propor- 
tions, based on the amount of milk produced 
by the individual quarters, have been compared 
to the seores for symmetry assigned by an 
experienced judge of dairy cattle. Each of 56 
cows was tested and scored at two evening 
milkings with about 5 wk. interval. The repeat- 
ability of the scores was only half, or less, of 
that of the corresponding indices based on the 
yield of the quarters. The correlation between 
the index Irr, stating the amount of milk from 
the two front quarters in per cent of the total 
yield, and the corresponding score was only 
0.32. Earlier investigations show that the heri- 
tability of the index Irr is rather high (about 
0.75). Selection for better balance between 
front and rear halves of the udder would, there- 
fore, be expected to give good results when 
based on actual measurements of the milk yield, 
but would probably be ineffective when based 
on seores obtained by palpation and visual 
estimates. 
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CONTAINER PROBLEMS IN REFRIGERATED WAREHOUSES ! 


W. A. Maciinn 
The Refrigeration Research Foundation, 12 North Meade Avenue 
Colorado Springs, Colorado 


The Refrigeration Research Foundation be- 
came interested in container problems in re- 
frigerated warehouses approximately 2 yr. ago. 


‘Presented at the Dairy Manufactures Confer- 
ence, University of Wisconsin, Madison, 1961. 


We became interested in the problem at the 
request of the refrigerated warehousing indus- 
try. So that you will understand why we were 
valled upon for help, following is a_ brief 
résumé of The Foundation’s role in the food 
field. 

Several years ago, members of the refriger- 
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ated warehousing industry decided to provide 
means to stimulate scientific investigations in 
the field of food refrigeration. Since this in- 
dustry consisted of many relatively small com- 
panies, they planned to achieve together those 
objectives that large companies achieve indi- 
vidually through research—such as improved 
technology, sound development, better service 
to customers and the public generally, and an 
advanced body of new scientific fact that would 
sustain the refrigeration industry in more 
remote years. 

To this end they founded The Refrigeration 
Research Foundation. It is a tax-exempt, non- 
profit corporation, incorporated under the laws 
of the State of Illinois, and it has been estab- 
lished for 16 yr. Approximately 140 companies 
financially support The Foundation—food proe- 
essors, refrigerated warehouse companies, and 
transportation organizations. 

The Foundation does not do research. It 
supports the research of educational institu- 
tions and other research bodies whose field of 
investigation is along the lines of the potential 
development of the refrigerated warehousing 
industry. The results of this research are then 
interpreted by The Foundation and its ad- 
visors into practical handling procedures in 
the warehouse. 

The practical handling procedures are de- 
signed to provide the conditions of handling 
perishable commodities with the least possible 
damage to quality. The field of research and 
subsequent handling is not limited to foods, 
but does go into other fields such as rubber, 
furs, hides, batteries of all types, and any item 
that ean lose its value by haphazard holding 
conditions. 

The Foundation is supervised by a Board of 
Governors numbering 28, of whom 21 represent 
industry and seven represent the public interest. 
The Honorary Chairman of the Board, who was 
Chairman of the Board for 15 yr., is Dr. Samuel 
Cate Preseott, Emeritus Dean of Science, the 
Massachusetts Institute of Technology in Cam- 
bridge, Massachusetts. The Chairman of the 
Board is Dr. Louis B. Howard, Dean and Di- 
reetor of the Illinois Agricultural Experiment 
Station, Urbana, Illinois. The Foundation’s 
research program is guided by a group of 21 
outstanding scientists in the United States and 
Canada. 

In line with the request for help on packaging 
problems, The Foundation made a nation-wide 
survey to determine if package failures were 
truly a problem in the refrigerated warehous- 
ing industry, or were merely isolated cases 
caused by mishandling by individual companies. 
The survey showed that package fatigue and 
failures were actually an’ economic problem 
for all warehouses. 

Following this, a Packaging Symposium was 
held in Chicago, led by our Scientific Advisory 
Council, to which package engineers and de- 
signers were invited. In attendance were 24 
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representatives of the packaging industry, id 
from the warehousing industry, seven food 
packers, five from the trade publication field, 
and four, other than our scientists, from the 
educational field. 

At the close of the sessions, it was coneluded 
that new warehouse handling methods, en- 
vironment within refrigerated rooms, and foods 
themselves were causing unusual stresses and 
strains on packages. The packaging repre- 
sentatives at the Symposium indicated that 
protection from fatigue and failure could be 
built into the containers, as the packaging in- 
dustry learned how to do this. However, it 
was concluded that these stresses and strains 
were not being considered when specifications 
were being drawn up by the food manufacturer. 
It was proposed then that The Foundation 
seek the opportunity to acquaint food manu- 
facturers with the information presented at 
the Symposium. 

This is why I was delighted to be invited 
to participate in this Wisconsin Dairy Manu- 
facturers’ Conference. I hope you will under- 
stand that I am not trying to pin the blame for 
package failures in refrigerated warehouses on 
the dairy manufacturers; I am not. I wish 
only to bring to you a report on the changes 
that have occurred in the refrigerated ware- 
housing industry over the past few years that 
have resulted in new stresses and strains on 
packages in storage. 

First, property evaluations have risen and 
the cost of land for buildings has resulted in 
the necessity of going to taller structures. Con- 
struction costs have necessitated going to higher 
ceilings and fewer floors. All of this means 
higher stacking. 

Inereased labor costs have resulted in some 
mechanization in warehouses. Hand stacking 
is gone. Hand-pushed, four-wheel trucks have 
been replaced by fork lifts moving at 6, 7, or 
8 mi. per hour. 

Certainly, it is not expected that the indi- 
vidual containers have enough built-in strength 
to support all of the weight of four pallet 
loads of produce. Stacking irons are used to 
strengthen the support. However, it is ex- 
pected that there should be enough built-in 
strength to hold up under the load of cases on 
one pallet. 

The fatigue and failure of some packages is 
not due entirely to excess weight put on them. 
Until a few years ago, much of the material 
put into refrigerated warehouses went in stor- 
age for several months and then moved out in 
a body. Today, all storage rooms are being 
filled, partially emptied, refilled, ete., every 
few days. Inventories are smal] and turnover 
is great. 

With the increased movement in and out of 
refrigerated rooms, there are marked fluctua- 
tions in the relative humidities of these rooms. 
Warm air and commodities coming into the 
cold rooms give up their moisture in the form 
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of condensation—sometimes invisible—on the 
cold containers already in the room. As these 
packages are made of wood pulp and some- 
times rags are mixed in, they are an organic 
fibrous material. The fibers are natural capil- 
laries and the surface moisture diffuses through 
these capillaries along a moisture gradient to 
the point of concentration of moisture. Thus, 
the moisture in high humidity rooms rapidly 
moves into the packaging fibers. 

These capillaries were shown to have differ- 
ent moisture holding properties, as demon- 
strated by the moisture content of kraft paper, 
tobaceo, and wood, held at various relative 
humidities sufficiently long to reach equilibrium. 


Moisture content 


Relative Kraft 
humidity paper Wood Tobaeco 
(%) (%) (%o) (%) 
10 3.0 3.0 5.4 
30 5.7 11.0 
50 7.6 9.3 16.0 
70 10.5 25.0 
90 14.9 22.0 50.0 


Organie fibers change in length with their 
moisture content. The higher the moisture, the 
longer the fibers and, in general, the fibers 
soften as they lengthen and thus lose their 
strength. Stresses and strains occur in con- 
tainer walls with changes of relative humidity 
in a refrigerated room. These changes in rela- 
tive humidity cause the fibers to pick up or 
give up some of their moisture. With this 
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change goes lengthening and contraction of 
the fibers and, if done enough times, this can 
result in structural failure. Moisture-resistant 
barriers are needed to prevent this water vapor 
absorption by the packages. 

Moisture-resistant barriers are usually a coat- 
ing of some material, plastic or wax or other 
material, that covers all outer surfaces of the 
packages. These are all effective barriers to 
the penetration of moisture. To date, however, 
they have all been slippery when moist at cool 
temperatures. To prevent their sliding off or 
squeezing out of stacks, it is necessary to 
stipple or otherwise roughen the stacking sur- 
faces. This is sometimes forgotten in the de- 
sign or specification for the containers, and thus 
piles fail and accidents happen. 

Square containers are a problem. They do 
not lock together. Therefore, it is necessary 
to strap them with heavy rope or metal band, 
each tier, to prevent toppling. This is an added 
cost of material, plus labor. 

It is not my intention to imply that refriger- 
ated warehousemen are without blame for some 
package failures. They are to blame when they 
handle containers roughly. They sometimes 
stack too high, without sufficient aiding sup- 
ports. However, they can do a better job of 
handling your products if the containers are— 


1. Oblong in shape 

2. Nonmoisture-absorbing 

3. Nonslipping 

4. Have structural strength to support rea- 
sonable heights of stacking. 
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THE AWARDS OF THE AMERICAN DAIRY SCIENCE ASSOCIATION: 


A ReEvIEw 


G. M. Trout, Historian 
The American Dairy Science Association 


‘*No endeavor is in vain; 

Its reward is in the doing, 

And the rapture of pursuing 

Is the prize the vanquished gain.’’ 


Despite the poetic touch of Longfellow, the 
American Dairy Science Association recognizes 
services and achievements of its members by 
special awards given at the annual meetings of 
the Association. Starting from a mere sug- 
gestion 29 yr. ago, that the society recognize 
distinctive service of its members, the system 
of special recognition now encompasses at least 
eight areas. 

The awards have created more-than-usual in- 
terest in research, teaching, and extension, both 
in dairy production and manufactures, as well 
as in service to the Association itself. The 
awards program has become the high light of 
the annual meeting. 

Since the idea of special recognition was first 
conceived, membership in the Association has 
increased tenfold and attendance at the annual 
meetings sixfold. Conceivably, many members 
are not familiar with the origin of the awards 
and the conditions under which they are 
granted. With possible enlightenment and en- 
ecouragement foremost in mind, this historical 
review of the Association awards is undertaken. 
The several awards are reviewed herein in the 
order in which they were approved by the Ex- 
ecutive Board. 


THE AMERICAN DAIRY SCIENCE ASSOCIATION 
AWARD OF HONOR 

So many facets are reflected in the evolution 
of the American Dairy Science Association’s 
Award of Honor, the highest award of the 
Association, that one must look at the brush 
marks to see the full picture. 

The American Dairy Science Association 
Award of Honor has undergone many changes 
since its conception in 1932. Actually, the 
award today is not quite the same as those 
originally made, but the basic concept of paying 
special tribute to one of its members for dis- 
tinctive service remains the same. The evolu- 
tion of this award is of interest. 

(a) Special tributes. For the first 26 years 
in the life of the Association, little thought 
was given to honoring members who had ren- 
dered distinctive service to the Association and 
to the dairy industry. At the 27th annual 
meeting, University of Kentucky, Lexington, 
J. B. Fitch and C. E. Wylie spoke in favor of 


the society so honoring some of its members. 
Apparently, the idea caught on, for the follow- 
ing year at the University of Illinois, Urbana, 
the society paid special tribute in the form of 
a seroll to Wilber J. Fraser, founding father 
of the National Association of Dairy Instrue- 
tors and Investigators (later The American 
Dairy Science Association). The year follow- 
ing, at Cornell University, Ithaca, a like tribute 
was tendered Otto F. Hunziker. 

At the 1934 meeting, J. M. Sherman pre- 
sented the following motion which, after much 
discussion, was adopted: 

‘<‘That a permanent committee be appointed 
to pass on honors confered on individuals at 
annual meetings; that this be a standing 
committee consisting of the last three presi- 
dents and that the committee make its report 
to the Board of Directors.’’ 


In 1935, at the 30th annual meeting, Uni- 
versity of Minnesota, St. Paul, the society pre- 
sented Martin Mortensen, Iowa, with the third 
seroll, designated as honorary tribute. Each 
seroll contained a specific citation to the man 
being honored. For five years no further mem- 
bership awards were made. Then, in 1940 at 
the 35th annual meeting, Purdue University, 
West Lafayette, the organization honored Julius 
H. Frandsen with the last special tribute it 
was to bestow. Not until 1946 was a system of 
honoring specific members for distinctive serv- 
ice restored and organized under a Committee 
on Honors. 

(b) Honorary charter life memberships. 
Prior to 1946, the Executive Board bestowed 
honorary life memberships on four charter mem- 
bers. These were: in 1942, Otto F. Hunziker, 
and in 1944, Wilber J. Fraser, E. 8. Guthrie, 
and C. C. Hayden. Later, in 1956, by interim 
action of the Executive Board, a special Char- 
ter Honorary Membership was bestowed on each 
living charter member of the Association not 
heretofore so honored. Receiving this reeogni- 
tion were C. F. Doane, Carl E. Lee, and Charles 
Thom. These memberships carried all the rights 
and privileges of the regular Honorary Mem- 
berships instituted in 1946 and were awarded 
to pay extra tribute to those men for their 
contributions to the early life of the Association. 

(ce) Association life memberships. Also, in 
1956, when the Executive Board was acting 
favorably in honoring three charter members, 
the Board approved the report of the Member- 
ship Committee, which recommended in part 
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that the Association reeognize worthy life mem- 
bers in more increasing numbers if and when 
applications are made to the Board. Previously, 
at the 1944, Columbus, Ohio, 38th annual meet- 
ing, the Executive Board approved the grant- 
ing of life membership without payment of 
dues, upon Board action, to those who had been 
members of the Association for a period of 25 
years or more, immediately before retirement. 

At the 53rd annual meeting, Raleigh, 1958, 
the Board voted changes in the By-Laws which 
had been approved previously by the member- 
ship relative to honorary and life memberships. 
Accordingly, upon application by or on behalf 
of the individual coneerned, the Association 
through the Exeeutive Board may grant the 
title of Life Member to aetive members who 

(a) retire after 25 or more years of Associa- 

tion membership, or 
(b) have paid membership dues, ineluding 
Student Affiliate, for 40 years. 


Retirement meant withdrawal from full-time 
employment in dairy science or in the dairy 
industry. 

To those eligible, the Association Life Mem- 
bership Certificates were given. In addition, 
each life member was to receive gratis the 
JOURNAL OF Datry SCIENCE as long as he lived. 
The list of members granted life membership 
to date is as follows: 


1944 E. G. Hastings J. A. Newlander 
Chris Larsen G. W. Wilster 
L. A. Rogers 1959 J. C. Knott 


F. H. Herzer 
C. J. Schneider 
W. M. Regan 
H. A. Harding J. V. Quigley 
C. Ww. Larson r. A. Baker 

H. E. Ross J. L. Hileman 


> y 1960 T. V. Armstrong 
94! art 8S. 2 , 
1948 Robert Breed P. T. Dix Arnold 


1945 Osear Erf 
George C. White 
1947 8. I. Bechdel 


1949 oO. C. Cunningham - - See 
1952 C. Albert Altwegg G. B. Caine 
1953 C. W. Holdaway TO Beever 
1955 H. E. Otting T. W. Gullickson 
1956 A. J. Cramer P. S. Lucas 

B. W. Hammer E. J. Perry 

L. A. Maynard A. H. Robertson 
1957 E. C. Thompson H, A. Ross 

J. O. Tretsven A. W. Rudnick 

A. L. Darnell P. H. Tracy 
1958 Harry B. Alger 1961 A. C. Ragsdale 

W. F. Jones C. A. Hutton 

J. P. LaMaster W. H. Martin 

Louis W. Morley S. J. Brownell 


(d) Association Honorary Membership. At 
the 40th annual meeting, Chicago, 1945, the 
Executive Board approved the report of the 
Committee on Honors or Special Recognition 
which finally established principles that might 
govern the selection of future members to be 
honored. The committee, consisting of A. C. 
Dahlberg, H. P. Davis, and H. F. Judkins, 
chairman, pointed out that heretofore there 
appeared to be no uniformity as to the award 
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of the two classifications previously used; 
namely, life membership and honorary life mem- 
bership. After defining specifically the cate- 
gory of life memberships, the committee ree- 
ommended : 

‘*That a classification of honorary member- 
ship be established by the American Dairy 
Science Association and that the qualifications 
for this membership shall be as follows: 


1. The person selected as an honorary member 
shall have been a member of the Association 
for not less than ten years, shall have per- 
ticipated in the activities of the Association, 
and shall have rendered meritorious service 
to the dairy industry through contributions 
in research, teaching, extension, administra- 
tion, or commercial scientific work. 


2. No more than one such honor is to be econ- 
ferred during any one year. 

3. Any member of the Association may nom- 
inate a eandidate for honorary membership, 
such nomination being sent to the Chairman 
of the Committee on Honors, or the Secretary 
or President of the Association. The Com- 
mittee on Honors shall consider all nomina- 
tions and decide who, if anyone, shall be 
recommended to the Executive Board as an 
honorary member. Such recommendation by 
the Committee shall be made to the Secretary 
at least six weeks prior to the date of the 
annual meeting of the Association.’’ 


Accordingly, at the annual meeting of the 
Association, the honorary member is awarded 
the Association’s Certificate of Honorary Mem- 
bership, with the announcement that during his 
lifetime he will continue as an active member 
of the Association with all rights and privileges, 
ineluding receiving the JouRNAL oF Dairy ScI- 
ENCE, without the payment of further dues. 

The interest in this award manifest at award- 
ing ceremonies bespeaks the wisdom of the 
Committee in defining and clarifying the pro- 
vision for this honor. Although specifically 
designated as Honorary Member, the award 
has been presented variously in its 14-yr. ex- 
istence as award of honor, dairyman of the 
year, distinguished service award, and honor 
award, as well as by its correct name, Honorary 
Membership. Those members who have been 
awarded the Association’s Certificate of Hon- 
orary Membership are: 

1946 O. E. Reed 1953 H. P. Davis 

1947 R. B. Stoltz 1954 J. B. Fitch 

1948 A. A. Borland 1955 W. A. Wentworth 

1949 H. B. Ellenberger 1956 H. F. Judkins 

1950 M. J. Prucha 1957 Earl Weaver 

1951 L. A. Rogers 1958 A. C. Dahlberg 

1952 C. L. Roadhouse 


(e) The Award of Honor. At the 54th an- 
nual meeting, University of Illinois, Urbana, 
1959, the Executive Board voted to confirm 
the interim actions of the Board, one item of 
which involved changing Article III of the 
By-Laws so that honorary membership becomes 
award of honor. The award of honor may be 
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bestowed upon any person who has been a 
member of the Association for not less than 
25 years and who has made a distinguished 
contribution to the Association. This interim 
action made possible presentation of the first 
award of honor at the 1959 awards program. 

The new terminology connotes a distinetion 
not entirely incorporated in the previous desig- 
nation. Coineidentally, H. P. Davis in present- 
ing to Ollie EK. Reed, 1946, the first honorary 
membership apparently misspoke himself or 
was 13 years ahead of his time when he referred 
to the award as an award of honor. The mem- 
bers who have received honorary memberships 
as award of honor under the new designation 
are: 

1959 J. A. Nelson 1960 W. E. Petersen 

Fifty-year citations 

At the Golden Jubilee meeting at the Uni- 
versity of Connecticut, Storrs, 1956, the Exeeu- 
tive Board presented citations on plaques to 
the five living charter members of the Associa- 
tion. These citations were bestowed upon C. F. 


Doane, Carl Lee, Otto F. Hunziker, C. C. 
Hayden, and E. 8. Guthrie. E. 8S. Guthrie was 


present to receive the plaque which read: 
To 
E. S. GuTHRIE 
CHARTER MEMBER 


American Dairy Science Association 


In appreciation of unselfish devotion and 
loyalty to 50 years of Dairy Science 
A.D.S.A. 

Golden Anniversary 
1906-1956 


At this meeting, also, tribute was paid Julius 
H. Frandsen, originator and first editor of the 
JouRNAL. The citation on the plaque read as 
follows: 

To 
Jutivs H. FRANDSEN 
FOUNDER AND FIRST EDITOR 


Journal of Dairy Science 
1917 


In grateful recognition of his service to 
Dairy Science in America 


A.D.S.A. 
Golden Anniversary 
1906-1956 


Also, at the Jubilee meeting, the Board voted 
to honor the Association’s Historian, G. M. 
Trout, for his efforts in preparation of the 
125-page document and reduced version (J. 
Dairy Sci., 39: 625-650. 1956) of the history 
of the Association. This recognition was in 
the form of a framed, illuminated Award of 
Merit certificate, signed by the Association’s 
President and Secretary. 
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THE BORDEN 
Aside from the special recognitions to mem- 
bers by the Association itself, the Borden 
Awards in dairy production and in dairy manu- 
facturing were the first of a series of monetary 
awards to be administered by the American 
Dairy Science Association. These $1,000 cash 
and gold medal awards were conceived by W. A. 
Wentworth, then Public Relations Director, The 
Borden Company, New York. In presenting 
the first Borden Awards at the 32nd Annual 
Meeting, University of Nebraska, Lincoln, 1937, 
Mr. Wentworth said, in part: 
‘*Bighty years ago, Gail Borden founded 
what has now become The Borden Company.... 
‘«Tn recognition of the high value of research 
past, present, and future, and in perpetuating 
the ideals of its founder, The Borden Company 
sought some fitting manner in which research 
in dairying might be further stimulated and 
at the same time modestly rewarded. The Ameri- 
can Dairy Science Association accepted the offer 
to administer two Borden Awards. One of these 
for most outstanding research work in dairy 
manufacturing and one for similar work in 
dairy production.’’ 


AWARDS 


In the fall of 1936, members of the American 
Dairy Science Association were startled, if not 
fascinated, when The Borden Company an- 
nounced that it would present six prizes or an- 
nual awards of $1,000 each in cash and a gold 
medal (the 2%-in. medal weighs 100 g. and is 
of 10-k. gold) for meritorious work in science 
as it is related to the dairy industry. Two of 
these were to be administered by the American 
Dairy Science Association and one each by the 
American Chemical Society, American Associa- 
tion for the Advancement of Science, American 
Home Economies Association, and the Ameri- 
ean Public Health Association. As of 1960, 
the originally designated administrative sci- 
entific groups have been changed and the an- 
nual awards increased to nine, administered by 
the following societies: 

The American Dairy Science Association 

Dairy Production 
Dairy Manufacturing 

The American Chemical Society 

The American Academy of Pediatrics 

The Association of American Medical Colleges 

The American Home Economies Association 

The American Institute of Nutrition 

The Poultry Science Association 

The American Veterinary Medical Associa- 

tion 


R. R. Graves, President of the Association, 
1937, and R. B. Stoltz, Secretary, lost no time 
following the announcement of the Borden 
Awards in securing favorable Board action and 
setting machinery in motion to administer the 
awards. Having had no previous experience 
or rules in administering such awards, the Asso- 
ciation was guided only by the judgments of 
the appointed candidate nominating and se- 





ij 
E 
; 


958 JOURNAL OF 


lecting committeemen. A letter and nomina- 
tion blank to members and a special announce- 
ment in the February, 1937, JourNAL invited 
members of the Associations to make nomina- 
tions for these awards to the Secretary not 
later than March 1. Any living citizen of the 
United States or Canada, of either sex, with 
no limitations as to age, was eligible to receive 
these awards. Nominations were to be made 
for those whose work had been completed and 
published during the five-year period ending 
December 31, 1936. However, limitations of 
the fields and seope of research in making the 
nominations were pointed out: 

‘*Sinee Borden awards are also being made 
for meritorious work in basic science as related 
to, or as it affects the Dairy Industry; for work 
in basic research on vitamins or other nutri- 
tional aspects of milk products; for work in the 
practical application of the findings in nutri- 
tional research; and for work in public health 
as related to the Milk Industry, these awards 
to be administered by other scientific societies, 
these phases of research work as applied to the 
dairy industry should not be considered in mak- 
ing your nominations for research in the produc- 
tion and the processing fields.’’ 


As other societies had experienced difficulty 
in securing nominations from their members, 
special nomination committees, consisting of 
the three more recent chairmen of the Produc- 
tion and Manufacturing Sections, were named 
to receive nominations which had been sub- 
mitted to the Secretary and to sean the field 
for eligible candidates. Accordingly, the nom- 
inating committee for the Borden Award in 
dairy production consisted of F. W. Atkeson, 
K. 8. Morrow, and C. Y. Cannon. That for 
dairy manufacturing consisted of P. H. Traey, 
L. M. Thurston, and M. J. Mack. 

The selection of the first awards committees 
was made with considered judgment. Three 
qualifications were deemed essential, namely: 
(a) experience in evaluating research, (b) 
knowledge of problems of the industry, and 
(ec) prestige, that their final selections would 
remain unquestioned. Thus, the first Borden 
Award selection committee in dairy manufac- 
turing was named as follows: H. A. Ruehe, 
H. L. Russell, and O. F. Hunziker. That in 
dairy production consisted of H. B. Ellenberger, 
C. W. Larson, and E. G. Woodward. 

At 11 a.m. on June 25, 1937, Lineoln, Ne- 
braska, members and friends gathered for the 
presentation of the first of the Borden Awards. 
The auspicious moment had arrived. President 
R. R. Graves gave a brief account of the estab- 
lishment of the awards, the basie rules for 
qualification, and the special tasks of the com- 
mittees. Then Chairmen Ellenberger and Hun- 
ziker announced the first Borden Award win- 
ners: Carl F. Huffman, Michigan, and Lore 
A. Rogers, United States Department of Agri- 
culture, production and manufacturing, respec- 
tively. Both men responded with prepared 
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papers giving the salient points of their re- 
search. These addresses, excellent as they were, 
were to be the first and last required of the 
Borden awardees. In the 23 double Borden 
Award presentations since then, few selections 
have been so generally acclaimed as those of 
1937. 

Before the Board of Directors (later the 
Executive Board) closed their final 1937 busi- 
ness session, the Borden Award rules were 
diseussed, changed, and submitted for further 
suggestions and approval. This was the be- 
ginning of a series of changes yet to be made. 

The first significant change in the Borden 
Award rules became effective in 1938 when a 
40-year age limit was imposed upon eligible 
vandidates. This rule was operative for two 
years, 1938 and 1939. Action of the Board of 
Directors, Columbus, 1938, created a committee 
of three to draw up rules for the Borden Award. 
Accordingly, Harold Macy, who had been asked 
previously to make a study of the rules, H. A. 
Ruehe, and F. B. Morrison were appointed to 
this study committee. Their excellent report, 
specifying eligibility, nominations, composition, 
and duties of the nominating and award com- 
mittees (J. Dairy Sei., 22: 664-666. 1939) was 
adopted. 

In this report the age limit was dropped, 
but consideration of the work published or 
completed during the five-year period imme- 
diately preceding January 1 of the year dur- 
ing which the award was to have been made 
was retained. However, under special cireum- 
stances, consideration also might be given to 
related work accomplished by the nominee dur- 
ing a period not to exceed ten years previous 
to the year the award is to be made. In 
effect, this provision extended the research con- 
sideration period from five to ten years. In 
1956, the Executive Board approved the re- 
port of the Awards Procedure Review Com- 
mitte, O. F. Garrett, Chairman, making con- 
sideration of the ten-year period of research 
mandatory. Item 8 of the report read as fol- 
lows: “Be judged on the basis of work done 
during the 10-yr. period immediately preceding 
nomination.” 

At the 1940 meeting, W. Lafayette, the See- 
retary, was instructed to enclose with the mem- 
bership letter and ballots a suitable nomination 
blank, with brief rules, for the Borden 
Award. The effectiveness of this method of 
securing nominations caused the Board at the 
Burlington meeting, 1941, to abolish the nom- 
inating committee for the Borden Awards. Not 
until the 50th Annual Meeting, East Lansing, 
1955, 14 yr. later, did the Exeeutive Board 
amend the rules “to allow for an easier selee- 
tion of the recipients.” Evidently, this action 
provided for reinstatement of nominating com- 
mittees of three each, which again were in op- 
eration in 1956 but not in 1957. 

At the 46th Annual Meeting, Knoxville, 1951, 
the Executive Board voted to increase the Bor- 
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den Award Committees from three to five “to 
better facilitate the choosing of the recipients 
of the Borden Foundation Awards.” Already, 
the Borden Award Committee in dairy manu- 
facturing had had this provision in effect for 
the current selection. 

In 1957, the committees consisted of six 
members each, five of whom were voting mem- 
bers under the administration of the chairman, 
the nonvoting sixth member. At the annual 
meeting that year, Stillwater, the Executive 
Board directed the Vice-President to work with 
the Awards Committee on mechanics of awards 
rules procedure. The next year at Raleigh the 
Board voted that if in the opinion of the com- 
mittee chairman worthy candidates had not 
been nominated, he might nominate such indi- 
viduals and solicit the supporting dossier on 
behalf of those nominees. The Board voted 
also, that with the exception of the chairmen 
the names of the Award Committees not be 
divulged. Thereafter, only the chairmen of the 
Award Committees were listed among the offi- 
cers of the Association. 

At the 54th Annual Meeting, Illinois, 1959, 
the Board authorized the President to appoint 
a committee to study and develop a plan for 
preparing dossier material for the several 
awards. 

Board action at the 1960, Logan, meeting 
removed the element of retirement concerning 
eligibility of members on award selection com- 
mittees and asked the Policy Committee to 
study the limits of the areas of interests in the 
field of awards, specifying the number and 
kinds of awards within and without that area 
of interest. 

Borden Award Recipients. The list of Borden 
Award winners in dairy manufacturing and in 
dairy production by date and affiliation at the 
time the award was given is as follows: 


(a) Dairy Production Award 


1937 Carl F. Huffman, Michigan State 
University 

1938 William E. Krauss, Ohio Agr. Expt. 
Sta. and Ohio State Univ. 

1939 Ralph E. Hodgson, Bureau Dairy 
Industry, USDA 

1940 Charles W. Turner, University of 
Missouri 

1941 Edwin B. Hart, University of Wis- 
consin 

1942 William E. 
Minnesota 

1943. Lane A. Moore, University of Mary- 


Petersen, University of 


land 

1944 Paul H. Phillips, University of Wis- 
consill 

1945 Glenn W. Salisbury, Cornell Uni- 
versity 

1946 E. Paul Reineke, Michigan State Uni- 
versity 

1947 Joseph C. Shaw, University of Mary- 
land 

1948 Walter L. Gaines, University of Illi- 
nois 
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1949 George H. Wise, Iowa State Uni- 
versity 

1950 Samuel Brody, University of Missouri 

1951 John K. Loosli, Cornell University 

1952. John Wm. Hibbs, Ohio Agr. Expt. 
Sta. 

1953. Raymond B. Beeker, University of 
Florida 

1954 Lester E. Casida, University of Wis- 
consin 

1955 Clifford W. Dunean, Michigan State 
University 

1956 Harry A. Herman, National Asso- 
ciation of Artificial Breeders 

1957 J. Thomas Reid, Cornell University 

1958 Jay L. Lush, Iowa State University 

1959 Noland L. VanDemark, University 
of Illinois 

1960 Norman L. Jacobson, Iowa State Uni- 
versity 


(b) Dairy Manufacturing Award 

1937 Lore A. Rogers, Bureau Dairy In- 
dustry, USDA 

1938 Kenneth G. Weckel, University of 
Wisconsin 

1939 Stewart L. 
Illinois 

1940 Bernard W. 
University 

1941 Paul F. Sharp, Cornell University 

1942. Hugo H. Sommer, University of Wis- 
consin 

1943 Byron H. Webb, Bureau Dairy In- 
dustry, USDA 

1944 Arthur C. Dahlberg, Cornell Univer- 
sity 

1945 G. Maleolm Trout, Michigan State 
University 

1946 Paul H. Tracey, University of Illinois 

1947 Chester D. Dahle, Pennsylvania State 
University 

1948 Egerton G. Hood, Department of 
Agriculture, Canada 

1949 Francis J. Doan, Pennsylvania State 
University 

1950 Walter V. Price, University of Wis- 
consin 

1951 Samuel T. 
Minnesota 

1952 Emerson W. Bird, Iowa State Uni- 
versity 

1953 F. Eugene Nelson, Iowa State Uni- 
versity 

1954 Paul R. Elliker, Oregon State College 

1955 Frank V. Kosikowski, Cornell Uni- 
versity 

1956 Ernest O. Herreid, University of Illi- 
nois 

1957 N. P. Tarassuk, University of Cali- 
fornia 

1958 W. James Harper, The Ohio State 
University 

1959 Marvin L. Speck, North Carolina 
State College 

1960 Mark Keeney, University of Mary- 
land 


Tuckey, University of 


Hammer, Iowa State 


Coulter, University of 


The Borden Award in the Chemistry of Milk 
administered by the American Chemical So- 
ciety. Closely allied to dairy manufacturing, 
but specifically different on the basis for which 
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the award is made, are the Borden Awards in 
the chemistry of milk. These awards for “out- 
standing research in the chemistry of milk and 
dairy products or in fundamental research 
that contributes directly and materially to the 
knowledge of milk and dairy products” have 
been presented yearly, beginning in 1939. Since 
the field is closely associated with dairy manu- 
facturing, and since many of the recipients are 
leaders in that field, the Borden awardees in 
the chemistry of milk are hereby listed for the 
information of those not familiar with this area 
of recognition in dairy research. The Borden 
Award recipients administered by the Ameri- 
ean Chemical Society are: 


1939 Leroy S. Palmer, University of Minnesota 


1941 Claude S. Hudson, U. S. Public Health 
Service 

1942 George E. Holm, Bureau of Dairy In- 
dustry, USDA 

1943 Earle O. Whittier, Bureau of Dairy In- 
dustry, USDA 

1944 William Mansfield Clark, The Johns Hop- 
kins University 

1945 Ben H. Nicolet, Bureau of Dairy In- 
dustry, USDA 


1946 Ira A. Gould, University of Maryland 


1947 George C. Supplee, G. C. Supplee Re- 
search Corp. 

1948 Barbour L. Herrington, Cornell University 

1949 George R. Greenbank, Bureau of Dairy 
Industry, USDA 

1950 George A. Richardson, Oregon State Col- 
lege 

1951 Thomas L. MeMeekin, Eastern Regional 
Research Lab., USDA 

1952 Carrell H. Whitnah, Kansas State Uni- 
versity 

1953 Robert Jenness, University of Minnesota 

1954 Donald V. Josephson, Pennsylvania State 
University 

1955 Fred Hillig, U. S. Food and Drug Ad- 
ministration 

1956 Sam R. Hoover, Eastern Utilization Re- 
search Branch, USDA 

1957 Stuart Patton, Pennsylvania State Uni- 
versity 

1958 William G. Gordon, Eastern Regional 
Research Lab., USDA 

1959 Charles A. Zittle, Eastern Regional Re- 
search Lab., USDA 

1960 Eugene L. Jack, University of California 

THE AMERICAN FEED MANUFACTURERS’ 


ASSOCIATION AWARD 
At the 42nd annual meeting of the American 
Dairy Science Association, Guelph, 1947, the 
Executive Board “accepted the proposal of the 
American Feed Manufacturers’ Association to 
make a $1,000 award for the best paper pub- 
lished on animal nutrition, and authorized the 
President to appoint a committee to draw up 
rules for handling this award.” President Tracy 
appointed C. F. Huffman, Michigan, Chairman, 
J. G. Archibald, Massachusetts, and R. B. 
Becker, Florida, to draw up rules for handling 
the American Feed Manufacturers’ Association 
Award. 
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The committee established rules, received nom- 
inations, and made selection of the first awardee, 
George H. Wise, 1948. Only publications dur- 
ing 1946 and 1947 were eligible for considera- 
tion in making the selection. Four areas were 
considered in evaluating the nominee’s work, 
namely: (a) original research; (b) proper 
presentation; (c) value in dairy cattle nutri- 
tion; and (d) the possibility of practical use 
to the dairy cattle industry. On the basis, only 
the papers published during the two-year pe- 
riods preceding the year in which the award 
was made were considered in making the selee- 
tions from 1948 to 1956, inclusive. Beginning 
with the 1957 selection, and continuing to the 
present, publications of the previous three-year 
periods were considered. The published results 
of the research submitted for consideration are 
judged according to the following score-eard: 


CRITERIA POINTS 
Originality 25 
Design, thoroughness and 

completeness of investigation 30 
Presentation of work 15 
Value to dairy production 30 

Total 106 


The rotating three-man selection committee 
system established in 1947 prevailed until 1956, 
when the committee was enlarged to five mem- 
bers. The next year the committee was increased 
to six members. In 1958, the Exeeutive Board 
voted that thereafter only the name of the 
chairman of the committee be divulged. 

The names of the American Feed Manufac- 
turers’ Association Award winners and affilia- 
tions at the time the award was made are as 


follows: 

1948 George H. Wise, Iowa State University 

1949 Thomas 8S. Sutton, Ohio State University 

1950 J. Thomas Reid, Cornell University 

1951 Thor W. Gulickson, University of Min- 
nesota 

1952 Hamilton D. Eaton, University of Con- 
necticut 

1953 J. William Thomas, Bureau of Dairy 
Industry, USDA 

1954 Carl F. Huffman, Michigan State Uni- 
versity 

1955 Norman L. Jacobson and Robert S. 
Allen, Iowa State University 

1956 Joseph C. Shaw, University of Maryland 

1957 Earle E. Bartley, Kansas State College 

1858 Charles A. Lassiter, Michigan State Uni- 
versity 

1959 Harry R. Conrad, Ohio Agricultural Ex- 


periment Station 
1960 W. A. Hardison, 
Institute 


Virginia Polytechnic 
THE DELAVAL DAIRY EXTENSION AWARD 


At the 44th annual meeting of the American 
Dairy Science Association, Minnesota, 1949, 


the Executive Board went on record as favor- 
ing some sort of award for extension personnel, 
should a suitable donor be found. Accordingly, 
Dairyman 


the Extension Award Committee 
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presented a plan at the 1950 Cornell meeting 
which the Board adopted. <A suitable donor, 
the DeLaval Separator Company, had been se- 
eured. The Award Committee, consisting of 
W. E. Wintermeyer, Washington, D. C., Chair- 
man, J. B. Fitch, Minnesota, H. W. Gregory, 
Indiana, H. O. Henderson, West Virginia, and 
C. W. Reaves, Florida, selected Enos J. Perry, 
New Jersey, as the candidate to receive the 
first DeLaval Achievement Award in Dairy 
Extension. 

The DeLaval Dairy Extension Award is now 
in its 11th year of operation. The basic re- 
quirements for consideration for this award 
are: the nominee must (a) be a member of 
the American Dairy Science Association; (b) 
be actively engaged in full-time dairy extension 
work at time of nomination; (c) have had a 
minimum of ten years of dairy extension work 
in connection with agricultural colleges and 
state (provincial) and federal extension serv- 
ices; (d) not have received previously a com- 
parable award from the American Dairy Sci- 
ence Association or another administering asso- 
ciation based upon the same work; and (e) 
have made a valuable and noteworthy contri- 
bution to the dairy industry. 

The recipients are selected on the basis of 
(a) the extent of public acceptance of their 
extension program; (b) the effect of their pro- 
gram on the dairy economy and welfare of 
farm people; (c) qualities of leadership; and 
(d) training and experience prior to entering 
the dairy extension fiefild. The award consists 
of $1,000 and an inscribed certificate. 

Those receiving the DeLaval Dairy Exten- 
sion Award are as follows: 


1951 Enos J. Perry, Rutgers University 

1952 Stanley J. Brownell, Cornell University 

1953 G. E. Gordon, University of California 

1954 Charles R. Gearhart, Pennsylvania State 
University 

1955 Floyd J. Arnold, Iowa State University 

1956 J. O. Tretsven, Montana State College 

1957 Harold R. Searles, University of Minne- 
sota 

1958 Lyman H. Rich, Utah State University 

1959 Ray Albrectsen, Cornell University 

1960 George M. Werner, University of Wis- 


consin 


THE AMERICAN DAIRY SCIENCE ASSOCIATION 
TEACHING AWARD 

Although the American Dairy Science Asso- 
ciation was founded, 1906, as the National 
Association of Dairy Instructors and Investi- 
gators, and although teaching had played a 
very important role in the development of 
dairy science, no specific recognitions had been 


given its distinguished teachers. Executive 
Board action was taken. at the 47th annual 


meeting, Davis, 1952, to appoint a committee 
“to study the feasibility and mechanics of an 
Outstanding Teacher Award.” 

The next year, at Madison, S. M. Salisbury 
gave a progress report for the Dairy Science 
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Teaching Award Study Committee which the 
Board accepted as a progress report. The fol- 
lowing year, 1954, Pennsylvania, specifie ree- 
ommendations concerning the teacher’s award 
were made to the Executive Board by the en- 
larged teaching awards committee composed 
of C. E. Wylie, Chairman, H. P. Davis, H. B. 
Henderson, R. J. Werner, A. H. Rishoi, and 
W. B. Combs. These recommendations were to 
the effect that (a) The American Dairy Science 
Association give special recognition to out- 
standing teachers of dairy science; (b) the 
first recognition to be made at the annual 
meeting in 1955; (ce) a special rotating com- 
mittee of five be appointed by the President 
to carry out the details of this award; (d) 
nominations for this award to be made by mem- 
bers of the Association; (e) there be two 
awards—one in dairy manufacturing and one 
in dairy production, according to the sponsor- 
ship; and (f) an announcement of the details 
and other information in regard to this award 
be made in the JouRNAL oF DaAtrRY SCIENCE. 

The Board voted favorably to take steps to 
follow the course of action as outlined in the 
teaching award report. By interim action, the 
Board approved the Milk Industry Foundation 
sponsorship of a teaching award to be adminis- 
tered by the Association. Thus, the first teach- 
ing award of the American Dairy Science Asso- 
ciation, in dairy manufactures, consisting of 
$1,000 and an appropriately engraved plaque 
sponsored by the Milk Industry Foundation, 
was given to Frederick H. Herzer, Mississippi, 
at the 50th annual meeting, East Lansing, 1955. 

The committee recommended that a Produe- 
tion Teaching Award be made in 1956, that 
one or two members be added to the committee, 
and that efforts be directed toward securing a 
sponsor for this award. Such a sponsor was 
found in the National Dairy Products Corpora- 
tion. In 1956, Connecticut, the first teaching 
award in dairy production was presented to 
William E. Petersen, Minnesota. 

Consideration was given at the 55th annual 
meeting, Logan, 1960, to give a teaching award 
in dairy manufacturing and one in dairy pro- 
duction the same year, but action was taken 
not to change the method of recognizing out- 
standing teachers at that time. 

Nominees for the Dairy Science Teaching 
Award of the American Dairy Science Associa- 
tion must 

(a) Have demonstrated outstanding ability as 

a teacher of dairy science. 

(1) In the odd-numbered years he shall 
be a teacher primarily in the field of 
dairy manufacturing. 

(2) In the even-numbered years he shall 
be a teacher primarily in the field of 
dairy production. 

(b) Be a member in good standing of the 
American Dairy Science Association. 

Be an active teacher at the time of the 
nomination and have been an active teacher 
for a period of not less than ten years. 


_ 
° 
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(d) Not have previously received a Teaching 
Award nor have received another com- 
parable award from the American Dairy 
Science Association or another adminis- 
tering association based upon the same 
field of work. 

Be judged as a teacher on the following 

basis: 

(1) The impression he has made upon his 
students by the mastery of his sub- 
jeet, his technique, vision, and atti- 
tudes. 

(2) The content and nature of the courses 
he has taught, with emphasis placed 
upon his responsibilities, organization 
of teaching materials, original contri- 
butions to teaching, and ability to 
translate new research into terms of 
useful practice. 

(3) His aetivities as a student counselor, 
coach of judging teams, in the train- 
ing of students and placing them in 
positions for which by natural en- 
dowments they seem best suited, and 
in research (not essential as a factor 
in consideration for the Award). 

(4) His service to industry. 


(e 


The teaching award recipients to date are: 

1955 Frederick H. Herzer, Mississippi State 
College (Manufactures) 

1956 William E. Petersen, University of Min- 
nesota (Production) 

1957 G. Maleolm Trout, Michigan State Uni- 
versity (Manufactures) 

1958 Harry O. Henderson, West Virginia Uni- 
versity (Production) 

-959 H. A. Bendixen, Washington State Col- 
lege (Manufactures) 

1960 Earl Weaver, Michigan State University 
(Production ) 


RECOGNITION OF OUTSTANDING PERSONS 
The Executive Board in session, Knoxville, 
1951, “voted to recommend to the membership 
that the President, on request of an Annual 
Meeting host institution, appoint a committee 
of three to consider the recognition of any 
outstanding person who might be suggested by 
the host institution, for recognition at the 
Annual Banquet. This committee to function 
for one year only. Further, that the Associa- 
tion go on record as favoring such recognition 
of outstanding persons.” 

With this authority, the host institution, the 
University of Tennessee, on behalf of the 
American Dairy Science Association, recognized 
at the awards program the former Governor 
of Tennessee and Congressman, James McCord, 
who had done much to promote dairying in 
Tennessee. A picture of the dairy building, 
McCord Hall, bearing the following inscription 
was presented to the Honorable Mr. McCord: 

To the Honorable Jim McCord, honor guest 
of the American Dairy Science Association, in 
recognition of distinguished service to the dairy 

industry, June 7, 1951. 


, 
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THE PAUL-LEWIS LABORATORIES AWARD IN 
CHEESE RESEARCH 


The Paul-Lewis Laboratories Award to ree- 
ognize and encourage research pertaining to 
cheese was approved by the Executive Board 
at the 53rd annual meeting, Raleigh, 1958. 
The award consists of $1,000 and an appro- 
priately inseribed plaque. Only the published 
research findings on cheese not heretofore con- 
sidered for a similar award were to be con- 
sidered for the Paul-Lewis Laboratories Award 
in cheese research. The nominee must be a 
member of the American Dairy Science Asso- 
ciation. The first recipient for this award was 
Walter V. Price, Wisconsin, 1959. The list of 
the winners is as follows: 

1959 Walter V. Price, University of Wisconsin 

1960 Frank V. Kosikowski, Cornell University 


STUDENT AFFILIATE CHAPTER AWARDS 
The American Dairy Science Association Stu- 
dent Affiliate Committee composed of W. L. 
Slatter, Chairman, L. K. Crowe, I. I. Peters, 
P. M. Reaves, and W. W. Snyder recommended 
at the 50th annual meeting, East Lansing, 
1955, that some form of recognition be con- 
sidered for the chapter(s) having the most 
outstanding activities program. Likewise, the 
possibility of having an outstanding student 
award was discussed also. 
The following year, 1956, Connecticut, the 
Board approved the request of the Student 
Affiliate Committee that winners of outstanding 
club activity exhibits at the current meeting 
be granted suitable certificates of merit. The 
winning student branches were: 
1956 Ohio State University 
Virginia Polytechnic Institute 
University of Minnesota 
Rutgers University 
Louisiana State University 

1957 Virginia Polytechnie Institute 
University of Minnesota 
University of Georgia 

1958 Ohio State University 
University of Minnesota 
Virginia Polytechnie Institute 
Kansas State College 
Mississippi State College 
Michigan State University 
Louisiana State University 

Later, Illinois, 1958, through interim action, 
the Board approved a cash award of $100 and 
plaque from Association funds for the most 
outstanding student chapter for 1959. The 
next year the Board approved continuance of 
the award. The winners to date are as follows: 

1959 Louisiana State University 

1960 Virginia Polytechnic Institute 


GRADUATE STUDENT SCIENTIFIC PAPER 
PRESENTATION AWARD 
The Student Affiliate Committee, W. L. Slat- 
ter, Chairman, L. K. Crowe, L. R. Dowd, P. M. 
Reaves, and W. W. Snyder, first reported to 
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the Executive Board at the Golden Anniversary 
meeting at Storrs, 1956, as one of its suggested 
projects “a technical paper writing and pres- 
entation competition for graduate students.” 
The Board accepted the report with respect to 
this award and authorized further study on 
the matter. The special committee appointed 
to investigate the various aspects of this pro- 
posed award, consisting of Glenn Salisbury, 
W. V. Price, and I. A. Gould, made a progress 
report at Stillwater, 1957, and a final report 
at Raleigh, 1958. 

In 1958, Raleigh, the Executive Board ap- 
proved the recommendation of the special study 
committee for this award and referred the 
matter back to the Student Affiliate Committee 
advising possible implementation of such an 
award, on a trial basis in one section, at the 
1959 annual meeting. Further, the Board au- 
thorized a $100 prize with a suitable plaque 
or certificate to the winner, if the committee 
proceeded: with the plan. 

Accordingly, competition for this award be- 
came effective at the 54th annual meeting, 
Urbana, 1959. The winner was J. B. Stone, 
Cornell University, who was presented $100 and 
a plaque by W. W. Snyder, Chairman of the 
Student Affiliate Committee. Honorable men- 
tion certificates were presented to K. E. Ebner, 
University of Illinois, and E. W. Wickersham, 
Pennsylvania State University. 

This program was so well received that the 
Board, in 1959, recommended its continuation 
and expansion to include the manufacturing 
section in 1960, the Student Affiliate Committee 
working out the matter of awards and donors. 
Again, $100 cash prizes and plaques were pre- 
sented the winners. Those graduate students 
winning the Scientific Paper Presentation 
Award to date are as follows: 

1958 J. B. Stone, Cornell University (Produe- 
tion) 

J. T. Huber, Iowa State University (Pro- 
duction ) 

John A. Jaynes, Michigan 
versity (Manufacturing) 


1959 


State Uni- 


EX-PRESIDENT PLAQUE 

At the 55th annual meeting, Logan, 1960, 
the Executive Board voted to present an ap- 
propriate plaque at the Awards Ceremony to 
all future Presidents upon leaving that office 
and to all living Past-Presidents. Such plaques 
were presented by mail to the following Past- 
Presidents, December, 1960, listed according to 
their term of office and the institution with 

which they were affiliated at the time: 
4th 1912,1913 J. H. Frandsen, 

of Idaho 


University 


llth 1925,1926 O. E. Reed, Michigan State 
University 

12th 1927 J. B. Fiteh, Kansas State 
University 

15th 1931 H. B. Ellenberger, University 


of Vermont 
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16th 1932 E. L. Anthony, Michigan State 
University 
17th 1933 H. C. Jackson, University of 
Wisconsin 
19th 1935 C. L. Roadhouse, University 
of California 

21st 1937 R. R. Graves, U. 8S. Depart- 
ment of Agriculture 

22nd 1938 H. W. Gregory, Purdue Uni- 
versity 

23rd 1939 Earl Weaver, Michigan State 
University 

24th 1940 E. S. Guthrie, Cornell Univer- 
sity 

26th 1942 H. F. Judkins, National Dairy 
Products Corporation 

27th 1943 H. P. Davis, University of 
Nebraska 

28th 1944 A. C. Dahlberg, Cornell Uni- 
versity 

29th 1945 A. C. Ragsdale, University of 
Missouri 

30th 1946 J. A. Nelson, Montana State 
College 

31st 1947 Fordyce Ely, Ohio State Uni- 
versity 

32nd 1948 P. H. Tracey, University of 
Illinois 

33rd 1949 W. E. Petersen, University of 
Minnesota : 

34th 1950 G. M. Trout, Michigan State 
University 

35th 1951 R. B. Becker, University of 
Florida 

36th 1952 H. A. Bendixen, Washington 
State College 

37th 1953 H. B. Henderson, University 
of Georgia 

38th 1954 W. V. Price, University of 
Wisconsin 

39th 1955 L. A. Moore, U. S. Depart- 
ment of Agricuiture 

40th 1956 I. A. Gould, Ohio State Uni- 
versity 

41st 1957 C. F. Huffman, Michigan 


State University 
D. V. Josephson, Pennsylvania 
State University 
K. L. Turk, Cornell University 
A. C. Fay, H. P. Hood and 


Sons 


42nd 1958 


1959 
1960 


43rd 
44th 


DISTINGUISHED SERVICE AWARD 

The idea of initiating the American Dairy 
Seience Association Distinguished Service 
Award secured the approval of the Executive 
Board at the 54th annual meeting, Urbana, 
1959. The Board stipulated that (a) the award 
be limited to one or more; (b) the recipients 
be limited to those engaged in commercial 
work, public welfare, and regulatory activities 
relating to the dairy industry; and (e) the 
recipients may or may not be members of the 
Association. Thereupon, a committee appointed 
by the President consisted of J. Hoffman Erb, 
The Borden Company, Chairman, L. A. Moore, 
Beltsville, H..B. Henderson, Georgia, and H. F. 
Judkins, ex-officio, reported back to the Asso- 
ciation at the 55th, 1960 meeting, Logan. Here 
the Board approved the proposed rules. with 
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amendments. A six-member, five-voting selec- 
tion committee was appointed, looking forward 
to the granting of the first award at the 1961 
meeting. 

The announcements and specifications for 
this award (J. Dairy Sci., 43: 1539-1540. 1960) 
inelude 15 suggested areas of endeavor as a 
guide to the members making nominations. 
Without a doubt, the American Dairy Science 
Association earnestly desires to recognize indi- 
viduals who have rendered distinguished serv- 
ice in the dairy industry, either in production 
or processing. In no way does this award 
overlap ov shadow the Association’s Award of 
Honor presented annually to one of its own 
members. 

FOREIGN AWARDS 

Aside from Canadian membership, members 
of foreign countries have been ineligible for 
consideration for the awards of the American 
Dairy Seience Association, the chief reason 
being difficulty anticipated or encountered in 
implementing the nominations and _ selections 
according to schedule. Being aware of increased 
foreign membership and greater attendance of 
foreign members at the annual meeting, the 
Board at the 55th annual meeting, Logan, 1960, 
directed the President to explore the attitude 
of donors of cash awards to members in foreign 
countries, should such members be selected for 
specifie awards. 

AWARDS SELECTION COMMITTEES 

With the exception of the chairman, names 
of the members of all monetary and honor 
award selection committees of the American 
Dairy Science Association are not divulged. 
The chairmen administer the work of the com- 
mittee, but are denied the right to ballot for a 
sandidate. This power is reserved for the re- 
maining five men on each of the committees. 
The committee men are appointed on a ro- 
tating-term-of-office basis by the President of 
the Association. Former awardees may or may 
not automatically serve a term of office on 
some committee by routine appointment fol- 
lowing receipt of the award. As of 1961, seven 
separate incognito committees serve the follow- 
ing areas: 
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(1) Borden Award in dairy manufacturing 
(2) Borden Award in dairy production 

(3) American Feed Manufacturers Award 
(4) DeLaval Extension Award 

(5) Dairy Science Teaching Award 

(6) Paul-Lewis Laboratories Award for Re- 
search in Cheese 

Association Award of Honor 


(7) 
SUMMARY 

Starting with a mere concept in 1932, that 
the American Dairy Science Association should 
recognize in a special way some of its members 
to which the Association seemed indebted, the 
idea of special awards now encompasses several 
areas and embraces many individuals. 

Difficulty is encountered in attempting to 
place values on the several awards of the 
American Dairy Science Association beyond 
their specific monetary and intrinsic values to 
the recipients. Naturally, those signally hon- 
ored in some way or another have experienced 
a glow of satisfaction accompanied by a deeper 
sense of loyalty to the Association. 

Beyond the shadow of a doubt, the various 
awards administered and/or given by the As- 
sociation have kindled a desire of achievement 
in the breast of every individual member. This, 
in itself, is beyond price. Such incentives can 
not be evaluated. 

The membership as a whole has come to look 
forward to the awards-night ceremonies, antici- 
pating the pleasure of sharing the honors with 
the recipients. In fact, the gathering of asso- 
ciates, friends, and relatives with a kindred 
spirit at the awards event does much to cement 
the membership into a living, forward-moving 
seientifie body. 

While 196 members have been recognized 
officially by the Association since 1933, some 
several times, more than 2,500 members have 
been grateful that their Association, years ago, 
took action to reeognize merit and service 
among its own members. 

The awards of the American Dairy Science 
Association would seem to have been a strength- 
ening force for the good of the Association 
beyond the dreams of those who conceived the 
several awards and recognitions—some over a 
quarter of a century ago. 


RESEARCH AND EDUCATION ARE THE KEYS TO 
AGRICULTURAL PROGRESS 


R. E. HODGSON 
Animal Husbandry Research Division, Agricultural Research Service, USDA 
Beltsville, Maryland ’ 


We Americans have the privilege of enjoying 
the most abundant, varied, nutritious, and safe 


*Presented at the annual meeting, Southern 
Division, American Dairy Science Association, 
Jackson, Mississippi, February 9, 1961. 


food supply in the world. This food is avail- 
able to us at a lower cost than it is for most 
any other people in terms of the labor income 
required to purchase it. We have ample quan- 
tities of the needed foods, so that all of our 











ae ance ene 








ASSOCIATION AFFAIRS 965 


people could have the ingredients of a truly 
balanced diet. This is not to say, however, 
that all of our people presently are consuming 
an adequate diet. 

The American farmer has provided this abun- 
dant, high-quality food supply while at the 
same time utilizing a steadily declining per- 
centage of the nation’s working foree and while 
sharing in a proportionately decreasing per- 
centage of the national income. 

All of this has been possible because farmers 
have been introducing revolutionary changes 
in their methods of operations, which have 
resulted in inereased yields and in increased 
efficiency of production. The dairy farmer has 
been no less active in these areas than his 
neighbors producing other farm commodities. 

This past year the average citizen consumed 
1,488 lb. of food, according to U. S. Depart- 
ment of Agriculture statistics. Of this amount, 
more than 420 lb. were dairy products, the 
largest single food item in terms of bulk weight. 
Fruits and vegetables ranked next, with 409 Ib. 
One ean readily see what a tremendous stake 
the dairy industry has in feeding the people. 
This is all the more important when one ob- 
serves the steady decline in the per-capita use 
of milk and milk products in recent years. The 
challenge is before this industry to hold its 
present enviable position in providing the food 
supply of the people. 

Farmers have been able to achieve these great 
accomplishments up to the present, but what 
is in prospect for the future? Conservative 
estimates indicate that this nation’s popula- 
tion will double within the next 50 yr. To 
maintain present food standards (and they can 
be improved on), this country will then need 
twice as much food as is used today. Farmers 
will have to double their production—crops, 
milk, and livestock—and they will have to do 
this with little or no more land and probably 
with considerably less manpower. There is no 
question that this goal can be met. But how 
will it be done? Will we be able to hold the 
great livestock industries, which provide us 
with abundant high-quality milk, meat, and 
eggs, or will our people have to resort to a 
diet of less animal food products? Agricul- 
tural land will have to produce more abun- 
dantly and livestock production, including 
dairying, will have to be much more efficient. 
Let me repeat, this can be done. 

Agriculture, and particularly dairying, as 
they exist at the beginning of this critical year 
of 1961, are products of research and the edu- 
cational application of research findings. 
America’s farmers have made such tremendous 
progress in increasing production because good 
information on production, processing, and 
marketing techniques has been available and 
they have used it, first to meet a war crisis 
and secondly to try to improve their competi- 
tive position in society. To meet the goals and 
the challenges of the future, availability of the 


right kind of information and its proper use 
will determine in large measure the progress 
that will be made. 

Where did the information come from on 
which past farming accomplishments have been 
made? The answer, obviously, is in very large 
measure the public-supported agricultural ex- 
periment stations and the educational institu- 
tions, including the Extension Services, both 
state and federal. Where will the informational 
resources for the future come from? From 
these same institutions and, to an increasing 
extent, also from private research institutions. 

It is obvious, then, that so far as agriculture 
is concerned, the agricultural research and edu- 
cational institutions have been in the past, and 
will continue to be even mere so in the future, 
a great national asset and an indispensable 
investment. 

The public agricultural research and exten- 
sion programs are a large and closely knit coop- 
erative program between the U. 8. Department 
of Agriculture and the land-grant colleges and 
state universities. The land-grant institutions 
have the additional duty of training students 
for careers in agriculture, in agricultural re- 
search and education, and related fields. To 
meet the responsibilities before us, the people, 
and especially agricultural people, must see to 
it that proper attention is given to develop the 
programs of research and education in these 
institutions, so that they can adequately pro- 
vide the services needed to promote the kind 
of agricultural industries we should have. We 
must also awaken in the nonagricultural public 
their sense of a responsibility to support re- 
search and education, to sustain a prosperous 
agriculture. 

These programs are expensive. For agricul- 
tural research alone in 1959, the appropriations 
amounted to some $238 million, $124 million of 
which was appropriated by the Congress. Of 
this, about $92 million is used by the Depart- 
ment of Agriculture research agencies and $32 
million is federal grant money to the states. 
The Department employs some 4,800 scientists, 
including specialists in the biological, physical, 
and social sciences, who work at some 300 loca- 
tions. The state experiment stations employ 
some 8,400 scientists, some of whom engage in 
teaching and extension work as well as in re- 
search. The research work program is or- 
ganized in some 15,500 individual projects 
carried on throughout the United States. 

There are some 14,700 agricultural extension 
workers, of whom about 2,500 are specialists 
working at the state level. The appropriations 
in support of this work amount to $150 million, 
of which $56.7 million was appropriated by 
Congress and the remainder comes from state 
and county sources. The number of teachers 
engaged in agricultural instruction is not avail- 
able at this time. Many of them engage in re- 
search or extension work as well. 

The agricultural research and educational 
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programs are made up of physical, biological, 
and human resources. Of these, the human re- 
sources are by far the most important. The 
physical resources—laboratories, offices, class- 
rooms, land, facilities and the biological re- 
sources, such as plants, animals, ete.—must be 
adequately available to do the job. However, 
they will be of little value unless the human 
resources are adequate both as to numbers and 
quality. It is the human resources that I wish 
to discuss here. 

Since man has directed our attention to outer 
space by sending satellites into the heavens, 
the people, as never before, have turned their 
attention to science, education, and technology. 
The two worlds are in a deadly race to achieve 
superiority in scientifie competence. People are 
looking to science and technology in a large 
measure to guide the destinies of mankind. In 
the United States, great emphasis is being given 
to stepping up our educational program at the 
precollege and college levels, both in quantity 
and quality. While much of the cause of this 
activity is pointed to the physical and engineer- 
ing sciences, all branches of learning are in- 
volved and all will be affected. This is having 
an effect in the sciences having to do with 
agriculture and the dairy industry. How well 
will agriculture and the dairy industry fare in 
obtaining the knowledgeable human resources 
to serve its needs? Competition is keen for 
scientific talents, and agricultural interests must 
see to it that their needs are met. 

While we may expect that agricultural pro- 
duction, as in the past, will require fewer and 
fewer people as time passes, this is not the 
ease with the research and educational people 
needed to serve agriculture through research, 
extension, and teaching. The task ahead in 
producing new information and getting it into 
proper use will require additional manpower, 
especially scientific manpower. 

The job begins with attracting promising 
young people to take up careers in agriculture 
and in the dairy industry. While this begins 
at the primary level, the real effort must be 
made at the college training level. Agriculture 
and the dairy industry require many different 
kinds of talents, but here I am primarily in- 
terested in talent for research and education. 
Curriculums must be designed not only to at- 
tract and hold the interest of students but they 
must also be planned to prepare candidates ade- 
quately for careers in research, education, and 
extension. Likewise, the subjects must be taught 
interestingly, effectively, and efficiently. Cur- 
riculums must be flexible enough to prepare stu- 
dents to go in the direction of their interests; 
for example, more basic science courses for 
those interested in research. 

College teachers must continually concern 
themselves about what they teach as well as 
how and why they teach it. In terms of current 
knowledge and needs, are the courses offered 
the most important? Are we teaching the right 
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things? Are we putting the emphasis in the 
right places and on the most important exer- 
cises, to prepare students for advanced study 
or for careers in extension work? Are we as 
teachers well enough informed and effeetive 
enough in our teaching to encourage and stimu- 
late the students under our charge in such a 
way as to most effectively prepare them for 
the future? With the graduate student, are 
we giving the proper guidance, leadership, and 
opportunity to develop individual competence 
and the creative thinking necessary for him to 
become an outstanding research worker? Are 
we requiring him to do enough independent 
and basie research along with his graduate 
study so that when his degree is in hand he is 
ready to take up a productive career in re- 
search? As teachers, we should be asking our- 
selves these and many other questions in rela- 
tion to our own task, not only of attracting and 
preparing students for careers in agriculture 
and dairying but also in utilizing most effec- 
tively the human and physical resources avail- 
able to us. In all of this work the college 
teacher must have not only the support of the 
agricultural industry which he serves but of 
the public. These industries also need to do 
more in making their requirements for talent 
known. At the same time, the potential rewards 
for work in these industries and in the research 
and educational areas serving these industries 
must be commensurate with those of competing 
vocations. - 

The extension worker, like the college pro- 
fessor, is a teacher. He, for the most part, is 
a teacher in adult education. In addition to 
a thorough and up-to-date knowledge of the 
subject matter, he must be knowledgeable in 
education techniques—the know-how of putting 
across ideas and information. The modern ex- 
tension teacher is much less a jack-of-all-trades 
than his predecessor. He is a specialist. He 
has to be to be successful. He is working with 
a much different clientele. The modern farmer 
is more a business man and a specialist. This 
man wants to know how and why, and the ex- 
tension man must be able to tell him and to 
show him that it will pay. 

Our agricultural and dairy extension services 
have done outstanding jobs. The future is much 
more challenging than was the past. Are we 
prepared for the challenges ahead? Are the 
extension teachers keeping up with the revolu- 
tionary changes taking place on the farm, in 
processing and in marketing? Are we keeping 
up with new research findings? Are we using 
the most modern adult education techniques? 
Are we teaching the right things? Are we 
placing the greatest emphasis on the right 
programs tc be most effective in serving the 
farmers interested in these specialized subjects ? 

Recognizing that the financial resourees for 
extension work are limited, available manpower 
must be used as effectively as possible. Those 
of us in agricultural and dairy extension work 
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have a heavy duty before us to search out those 
things coming from the research laboratories 
and from elsewhere that are really important 
to the economic welfare of the farmer, to in- 
clude in our individual extension programs. 

Those of us in agricultural and dairy research 
have the responsibility to see that science in 
all of its broad aspects is applied, to continue 
to develop the information to meet the increas- 
ing needs of agriculture and the food and fiber 
industries. Agricultural science is very broad 
and includes biological, physical, and the engi- 
nering disciplines. It involves basic and applied 
science. Historically, the approach in agricul- 
tural and dairy research has emphasized work 
aimed at finding practical answers to pressing, 
practical, immediate questions. We have called 
on and utilized basie research as and where we 
found it or have depended on trial-and-error 
techniques to gain an answer. Until recently, 
only limited emphasis has been given to basic 
research. As a consequence, the backlog of 
basic information has dwindled to a low level. 
Recognizing this, and the dire need for more 
basie research to backstop the total research 
program required to support future agricul- 
tural needs, research leaders have been directing 
more of the available funds and other resources 
into basie research. Over the past 10 to 12 yr., 
the Agricultural Research Service, USDA, has 
increased the proportion of basic studies in its 
total research program from 7 to 22%. The 
state experiment stations have done equally as 
well. We feel that a larger share should go 
into basic research in future years. 

This implies a shift in the research program 
and this is true. Those of us engaged in the 
direction of research have the obligation to con- 
tinually review the research effort and to ad- 
just it in terms of current needs and in terms 
of problems. In doing this, we must be con- 
scious of the fact that moving scientific fron- 
tiers forward requires the accumulation of in- 
formation on basie unknown scientific laws and 
principles. The new break-through of knowl- 
edge that will advance our objectives of more 
efficient agriculture will come, by and large, 
from basic research studies of unresolved bio- 
logical and physical laws. 

At the same time, we must not relent on the 
applied research programs that have contrib- 
uted so much to the advancement in agriculture 
in the past, a kind of research that has also 
drawn the attention of scientists and agricul- 
turists from all over the world. We must con- 
stantly bring into play a balanced research 
program in the aggregate in the U.S. This 
balanced program will emphasize a_ greater 
effort in basie research and a constant coordi- 
nation to avoid unnecessary’ duplication of re- 
search activity. It will undergo constant re- 
view and adjustment, so that the total resources, 
limited as they are, will be directed to the most 
important problems and the elimination of the 
least necessary things. We must use our lim- 


ited resources wisely, and intensify our efforts 
to develop and interpret research results quickly 
and effectively to the public. 

To answer the questions that face agriculture 
today, and in the future, we must call on many 
diverse and specialized disciplines. The job 
requires the very best that is in us. This means 
that we must assemble scientists into research 
teams and groups, or in some cases as indi- 
vidual workers, best able to bring their talents 
to bear on the problem at hand, whether this 
be basic or applied research, or more likely a 
combination of both. It also means that we 
must be sure that there is being trained a suffi- 
cient number of new scientists to augment and 
replace the present force as needed. 

Successful research depends largely on the 
ability of individual scientists. It also depends 
on an atmosphere in which able scientists can 
use their imaginations to generate new ideas 
and to put them to the test. While coordina- 
tion, integration, and supervision of research 
are necessary, a large measure of self-direction 
is essential for productive work by scientists. 
Opportunity for individual initiative, oppor- 
tunity to suggest new research problems, free- 
dom of expression, and recognition must be 
supplied. Individual effort and the team ap- 
proach to the solution of problems can be 
effectively combined in a good research environ- 
ment. The team research approach can achieve 
coordinated effort and desired results and at 
the same time effect economy in costs. This 
approach is traditional in the cooperative re- 
search program of both state and federal agen- 
cies. At the same time, there is need for, and 
opportunity for, independent individal research 
activity, particularly in basie pioneering re- 
search problems. 

It is traditional in the United States for sci- 
entists and educators to organize themselves 
into professional scientific societies. Among 
other things, these societies serve professional 
advancement, provide a medium for exchange of 
ideas, and a medium, on an over-all basis, to 
advance the cause in which they are engaged. 
The professional society also provides a forum 
for the member to present the results of his 
work at the annual meetings and a medium by 
which to publish reports of his research and 
educational accomplishments. 

The American Dairy Science Association is 
the professional society in the dairy industry. 
All of you here, I am sure, are proud to be mem- 
bers of this Society. It is one of the large pro- 
fessional societies, made up of some 2,600 mem- 
bers and mvore than 600 student affiliate mem- 
bers. Its objectives are to advance, through 
seience and education, the dairy industry. It 
has been eminently suecessful in this objective. 
The Association holds an enviable position in 
the dairy industry and among other professional 
societies. 

The Association publishes the JoURNAL OF 
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Darry ScIENCE, thus offering a medium through 
which the great majority of the research re- 
sults in dairy production and technology are 
published and made available to the public. 
Some 4,900 copies of this publication are issued 
each month and copies go to some 40 countries 
throughout the world. This Journal has been 
recognized as one of the top-flight technical 
journals in the scientific field. 

The American Dairy Science Association has 
achieved its present high standing because of 
the caliber of its membership and because of 
the aetivity of the membership in the Associa- 
tion. Some 300 members are actively engaged 
on organized committee work of one kind or 
another. These men and many others give 
freely of their time to advance the cause of 
the Association, because they know that as the 
objectives of the Association are advanced, their 
own professional position is advanced. 

One thing that all of us can do is to see to 
it that individuals interested and engaged in 
dairy sciences, especially the young people 
entering the field, become members of the 
American Dairy Science Association. Another 
important thing that we older members can do 
in this Association is to encourage the younger 
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members and the student affiliates to become 
active in Association affairs and to promote 
their professional advancement. We all are 
engaged in a dynamic and important activity, 
and it is for us in large measure to determine 
whether the future will find us still the dairy 
industry leaders of the world. 

In closing, I quote the inseription on an agri- 
cultural research mural recently dedicated in 
the Wilson Memorial Arch in the United States 
Department of Agriculture: 

“Research has made American agriculture 
the most efficient and productive in the world. 
Seientifie discoveries have been translated by 
farmers and agricultural industries into new 
practices, new products, and new distribution 
systems that have revolutionized our standard 
of living and our way of life. 

“New knowledge and new machines have 
multiplied man’s productivity manyfold. Man- 
power thus released from farming has built our 
industrial economy. 

“Yet opportunities for further progress have 
never been greater. Each discovery helps to 
insure a more productive agriculture and a 
better life for all. 

“Agriculture advances with research.” 


AMERICAN DAIRY SCIENCE ASSOCIATION AND INDUSTRY 
RELATIONSHIPS 


H. F. Jupxins, Secretary-Treasurer 
White Plains, New York 


The prevailing opinion among the member- 
ship of the American Dairy Science Association 
is that the Association should render all pos- 
sible service to industry and, in turn, get more 
recognition from industry. This service could 
consist of : 

1. Edueating young men and women more 
thoroughly for careers in the various phases 
of the dairy industry. 

2. Rendering assistance, especially in the 
processing areas, by making college graduates 
happier in industry. This can be done with 
material such as the new Dairy Industry Plant 
Training Manual and assisting industry to con- 
duct training programs. 

3. Developing a spirit of cooperation be- 
tween industry and the universities, whereby 
industry will be of assistance in encouraging 
the best high-school students to study Dairy 
Science and assisting with scholarships. The 
large number of scholarships now being offered 
is greatly appreciated. 

4, More understanding and cooperation be- 
tween the universities and industry in the ecur- 
riculum being offered. There appears to be 


some lack of understanding in industry about 
existing curricula and the type of educated men 
the universities are trying to train. Doubtless, 
these curricula can be improved. On the other 
hand, it seems that industry leaders do not 
understand just where and how the university 
graduate can serve best in the various business 
enterprises. Capable young men are in too 
great demand by competing industries to be 
satisfied with the dairy industry unless they are 
given opportunities that make it possible for 
them to attain remunerative and responsible 
positions in a reasonable time. University pro- 
fessors must understand that opportunities de- 
velop only through promotions, retirement, or 
death. This should be explained to students. 
In the normal course of events, the graduate 
entering the dairy industry must have a tre- 
mendous amount of patience in his journey to 
the top. 

5. Continued expansion of research activities 
of members in the Association. 

6. Publication of research in the JourNAL 
or Dairy SCIENCE in a form that will be most 
helpful to other research workers. 
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7. Publishing research results in a way that 
they can be understood by the potential users 
of such research and by doing everything pos- 
sible to encourage the use of practical research 
results throughout the industry. This is being 
done through THE A.D.S.A. REVIEW, pub- 
lished quarterly, which will supply the dairy 
industry with popular abstracts of research 
which has been published in the JourNAL. Uni- 


versity Extension workers also can be very 
influential in this movement. 

8. Arranging programs for the Annual Meet- 
ing that will be attractive to our industry mem- 
bers. The program of the Dairy Manufacturing 
Extension group, held at the Annual Meeting 
at Utah State University last year, was a step 
in this direction. 


ABSTRACTS OF PAPERS PRESENTED AT THE ANNUAL 
SOUTHERN DIVISIONAL MEETING OF THE 
AMERICAN DAIRY SCIENCE ASSOCIATION 


Jackson, Mississippi 


February 6 to 8, 1961 


Effect of feeding sorghum silage on the lipo- 
lytic activity in milk. P. E. JOHNSON AND 
R. L. Von GuntEen, Oklahoma State Univer- 
sity, Stillwater. 

The influence of sorghum silage on the lipo- 
lytie activity in milk was studied by using a 
switch-back design. Two groups of four Hol- 
stein cows were used. All cows received the 
same ration, except that the alfalfa hay in- 
take was increased to replace the sorghum 
silage in the ration of each group when the 
silage was removed. Samples were collected 
daily from the evening milking. Each sample 
was cooled immediately in ice water. Fat acid 
degree values were determined on the fresh 
samples and again after 48 hr. of storage at 
32° F. Each time the groups were switched, 
the average fat acid degree value for the cows 
not receiving silage dropped below the average 
fat acid degree of the group receiving silage. 


Daily variations in lipolytic activity in indi- 
vidual cow’s milk. P. E. Jounson anp R. L. 
Von GunteNn, Oklahoma State University, 
Stillwater. 

Daily samples were collected from the eve- 
ning milking of 12 Holstein cows over a 100- 
day period. The samples were divided imme- 
diately into three portions. Fat acid degrees 
were determined on one portion within 1 hr. 
after milking. The remaining two portions 
were immediately cooled to 32 and 42° F. and 
stored at these temperatures for 48 hr. before 
fat acid degrees were determined. Some day- 
by-day variations occurred in all portions of 
each individual cow sample, with the greatest 
variation in the portions held at 32° F. The 
variations in the lipolytie activity in the milk 
of some individual cows were much greater 
than they were in others. One cow’s milk de- 
veloped a rancid flavor 37 times during the 


100-day period, whereas three other cows’ milk 
never developed this flavor during the period. 


Effect of feed and nutritional level of the 
cow on the development of rancidity in milk. 
R. Y. Canon anp G. H. Rouiins, Agricultural 
Experiment Station, Auburn, Alabama. 

Three groups of three cows each were as- 
signed randomly to rations as follows: (1) hay, 
silage, grazing, full concentrate; (2) hay, 
silage, full concentrate; and (3) poor-quality 
hay, limited concentrate. Two trials were con- 
ducted: Trial 1 (2/26-4/11/60) with limited 
grazing, and Trial 2 (5/3-7/26/60) with full 
grazing on Ration 1. Samples were taken 
weekly from a complete p.m. machine-milking 
of each cow. Spontaneous and agitation-in- 
duced lipolysis were measured by acid degree 
value (ADV) determination after 24-hr. incu- 
bation at 4°C. In addition, temperature-in- 
duced lipolysis was determined in Trial 2. 

During Trial 1, ADV’s from spontaneous 
and agitation-induced lipolysis were higher 
(P < .005) on milk from cows on Ration 3 
than Rations 1 and 2. No significant differ- 
ences in ADV’s as affected by rations were 
found in Trial 2. Correlations among ADV’s 
resulting from spontaneous, agitation-induced, 
and temperature-induced lipolysis in Trial 2 
were all positive (P < 0.01). 


Microbiology of Cottage cheese made from 
frozen and daily transfer cultures. J. T. Carp- 
WELL, T. J. OuSLEY, AND J. H. Martin, Missis- 
sippi State University, State College. 

The effect of frozen and daily transfer ecul- 
tures on the total bacteria, psychrophiliec, ecoli- 
form, and yeast and mold counts of Cottage 
Cheese was studied. Standard methods were 
followed. 

To date, the data indicate that Cottage 
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Cheese made from starter using the frozen 
eulture technique would have equal if not 
better keeping quality than that made from 
starter using the daily transfer system. 


The microflora of Cottage cheese made from 
frozen and daily transfer cultures 


Yeast 


Stand 
Cul- ard Psychro- Coli- and 
ture plate* philie* form** mold** 
Frozen 68 78 78 56 
Daily 63 69 69 44 


* Values given are the per cent of counts which 
were less than 30,000 per gram of cheese. 

** Values given are the per cent of counts which 
were less than ten per gram of cheese. 


The results reported herein are based on 
the assumption that any contamination after 
the cheese was made was randomly distributed 
between the frozen and daily transfer batches. 
Diffieulty was experienced in obtaining con- 
sistent counts on the starters. 


Coliform bacteria in Cottage cheese. W. W. 
Overcast, J. D. SkEAN, AND J. V. Britton, 
Jr., Agricultural Experiment Station, Univer- 
sity of Tennesse, Knoxville. 

A survey of Cottage cheese purchased at 
retail outlets showed a wide variation in coli- 
form counts. These counts varied from less 
than one to 715,000 per gram on the day of 
purchase, vith a median of 422. These counts 
were much too high and this research was 
planned to determine the extent of coliform 
contamination that could be expected in Cot- 
tage cheese manufactured under accepted pro- 
cedures and plant practices. Sixty-four lots 
of cheese were manufactured from fresh skim 
or fresh skim fortified with nonfat dry milk 
solids. The skimmilk was pasteurized by the 
holding method at 144° F. for 30 min. The 
short set method was used for all lots and 
both medium- and large-sized curd was made. 
In the 64 lots, only three samples had an ini- 
tial coliform count exceeding ten per gram; 
whereas, only two samples exceeded ten per 


7 


gram after 11 days of storage at 41° F. 


Persistence of contamination in lactic cul- 
tures. H. C. Orson, Oklahoma State Univer- 
sity, Stillwater. 

Regular lactic starter cultures were inocu- 
lated with a pure culture of some of the com- 
mon organisms found in various dairy prod- 
ucts. These ineludea Bacillus subtilis, Lacto- 
bacillus bulgaricus, Streptococcus durans, Strep- 
tococcus liquefaciens, Aerobacter aerogenes, 
Escherichia coli, Torulopsis sphaerica, Candida 
pseudotropicalis, Geotrichum candidum, Pseu- 
fragi, and Pseudomonas viscosa. 
Counts were run initially and after each sue- 
cessive transfer and incubation at 72° F. for 
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14-16 hr. Differential counts were obtained by 
variations in medium used and incubation tem- 
peratures, such as to inhibit growth of the 
common lactic culture organisms. 

Initial counts of the contaminants generally 
ranged from about one million to over 100 
million. All of the organisms tested eventu- 
ally disnppeared from the lactic cultures on 
successive transfers, with no apparent im- 
pairment of the cultures. The coliforms and 
S. liquefaciens required from seven to nine 
transfers to reduce their numbers to less than 
one per milliliter, whereas the Pseudomonas 
species and the genera Bacillus and Lactoba- 
cillus were generally eliminated after four 
transfers. 

The results suggest that foreign organisms 
present in lactie cultures due to contamination 
or to survival of the heat treatment of the 
milk are not likely to persist in a culture or 
to impair the quality of the culture. 


Coliform counts as an index of the sanitary 
quality of raw milk. R. W. HENNINGSON, 
Clemson College, Clemson, South Carolina. 

Total and coliform counts were made at 
weekly intervals for approximately 80 milk 
producers over a 4-yr. period. Total and coli- 
form counts were plated at one to one thou- 
sand and zero dilutions, respectively. TNTC 
notations were made when plates contained 
more than 500 colonies. A total count stand- 
ard of less than 50,000 per milliliter was con- 
sidered to be a reasonable index of the sani- 
tary quality of raw milk. 

The percentage of samples not meeting coli- 
form standards of less than 100 per milliliter 
was four times as great as the percentage of 
samples not meeting a total count standard 
of less than 50,000 per milliliter. Only one- 
half of the samples not meeting total count 
standards failed to meet coliform standards. 
Only one-eighth of the samples not meeting 
coliform standards failed to meet total count 
standards. The average coliform count of all 
samples not meeting total count standards was 
well within the coliform limits. The average 
total count of all samples not meeting coliform 
standards was well within the total count 
limits. 

Evaluation of the data indicate that there 
is little or no relationship between the total 
count and the coliform count. The data sug- 
gest that the use of coliform counts would be 
an entirely different method of evaluating the 
quality of raw milk. 


Selective media for detecting spoilage or- 
ganisms in dairy products. H. C. Ouson, Okla- 
homa State University, Stillwater. 

Standard plate count agar with 1 p.p.m. 
erystal violet added was used as the plating 
medium to detect spoilage organisms in milk 
and Cottage cheese. The use of 1 p.p.m. of 
brilliant green or 0.5 p.p.m. erystel violet plus 
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0.5 p.p.m. brilliant green was also effective, 
but the erystal violet medium was selected as 
the best. 

Line counts on milk with the crystal violet 
medium showed a general correlation with the 
shelf life, in that high counts on the selective 
medium for a sample were generally followed 
by short shelf life at 45° F. Laboratory pas- 
teurized samples generally showed less than 
ten organisms per milliliter on the erystal 
violet agar, with 18 out of 26 samples having 
counts of one or less per milliliter. The shelf 
life otf the laboratory-pasteurized samples 
stored at 45° F. ranged from 16 to 38 days, 
whereas that of the same milk processed in 
the plant was usually less than ten days. The 
counts on the crystal violet agar for the 
plant-processed samples were higher in every 
instance than were the counts on the labora- 
tory-pasteurized samples. Coliform counts did 
not indicate the degree of contamination as 
effectively as did the counts on erystal violet 
agar. 

The shelf life of Cottage cheese could gen- 
erally be predicted from the crystal violet 
counts on the fresh cheese and on the same 
cheese after holding 24 hr. at 70° F. 


A comparison of the Kjeldahl, steam distil- 
lation, dye-binding, and formol titration 
methods for determining the protein content 
of milk. C. VanperzaAntT AnD A. H. Mian, 
Texas Agricultural Experiment Station, Col- 
lege Station. 

A comparison of the Kjeldahl protein (per 
cent protein) and formol titration values (mil- 
liliter 0.1N NaOH) indicated a mean conver- 
sion factor of 1.93. The mean protein values 
as determined by the four methods were very 
similar. The highest correlation was found 
between Kjeldahl and Buffalo Black protein 
values, the lowest between Kjeldahl and for- 
mol protein values. The correlation of 0.98 
between Kjeldahl and Buffalo Black protein 
values was the same as those reported by 
others for Kjeldahl and Orange G protein 
values. The differences between individual 
steam distillation and Kjeldahl protein values 
were not greater than 0.1% in 80% of the 
samples. The comparative figures for Buffalo 
Black versus Kjeldahl, and formol titration 
versus Kjeldahl protein values were 75 and 
65%, respectively. In 12% of the samples the 
differences between individual Kjeldahl and 
formol titration protein values were greater 
than 0.2%. A comparison of the individual 
Kjeldahl versus steam-distillation, and Kjel- 
dahl versus Buffalo Black protein values, re- 
vealed only one sample with a difference of 
0.2% protein between methods. A comparison 
of the duplicate readings (protein values) of 
the samples by either the steam distillation or 
Buffalo Black method showed differences be- 
tween duplicates of not greater than 0.05% 
protein in over 90% of the samples. 
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The total protein, casein, and fat content 
of colostrum milk. 0. T. Sratucup anp F. E. 
Reep, Arkansas Agricultural Experiment Sta- 
tion, Fayetteville. 

Colostrum samples were obtained from five 
cows each of the Brown Syiss and Guernsey 
breeds and ten cows each of the Jersey and 
Holstein breeds. The first milking was ob- 
tained 8 to 12 hr. after calving and after the 
calf had nursed. Subsequeat milkings were 
taken at approximate 12-hr. intervals until 
ten milkings were obtained. The average milk 
fat percentages for the first ten milkings were 
5.0, 5.3, 5.6, and 5.7 for the Brown Swiss, 
Guernsey, Holstein, and Jersey breeds, respee- 
tively. They were very erratic and followed 
no particular trend in successive milkings. 
The average percentage of casein in ten milk- 
ings for all cows was 2.7 and was high in the 
first milking and declined with succeeding 
milkings. The average protein percentage for 
all breeds for the first ten milkings was 5.5 
and ranged from 10.8 in the first milking to 
3.9 for the tenth milking. The protein to fat 
ratio averaged 1.11 for all cows for the ten 
milkings. This ratio was 2.83 for the first 
milking and deelined to 0.74 by the tenth 
milking. 


Variations in the lactose and sodium chlo- 
ride contents and the freezing point of certain 
reconstituted nonfat dry milks. EK. W. Custer 
AND J. T. CARDWELL, Mississippi State Univer- 
sity, State College. 

A study was made of certain physical char- 
acteristics of nonfat dry milk solids from 
northern and southern sections of the United 
States. Nonfat dry milk solids were obtained 
from three southern and three northern pow- 
dering plants. The results showed that north- 
ern powder reconstituted to: the same _ per- 
centage total solids as southern powder re- 
sulted in a product having a lower freezing 
point, higher percentage of lactose, and higher 
percentage of NaCl. A 1-yr.’s study by sea- 
sons showed that northern powders reconsti- 
tuted to 8.5% total solids had an average 
freezing point of —0.5096° C., while southern 
powders reconstituted to the same total solids 
froze at —0.4860° C. Northern powders re- 
constituted to 9.5% total solids had an average 
freezing point of —0.5666; southern powders 
at the same percentage total solids froze at 
—0.5391. Northern powders reconstituted from 
8.5 to 9.5% total solids in inerements of 0.2% 
showed the following freezing points: —0.5096, 
—0.5199, —0.5304, —0.5417, —0.5549, and 
—0.5666; whereas, southern powders reconsti- 
tuted to the same per cent total solids froze 
at —0.4860, —0.4965, —0.5063, —0.5172, 
—0.5276, and —0.5391, respectively. 

Northern powders contained an average of 
51.88% lactose and 1.62% NaCl, while southern 
powders averaged 49.81% lactose and 1.42% 
NaCl. 
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Relationship of surface tension to variations 
in composition and temperature cf fluid milk 
products. M. L. Peeptes anp H. Ursan, Texas 
Technological College, Lubbock. 

Regular skimmilk containing 0.3% fat and 
8.7% MSNF deereased in surface tension from 
49 dynes at 60° F. to 38 dynes at 170° F. 
Three reconstituted skimmilks containing 9, 
12, and 20% MSNF showed surface tensions 
of about 49 dynes at 60° F. At 170° F., the 
values for these three products decreased to 
40, 41, and 42 dynes, respectively. 

The surface tension values of five nonho- 
mogenized products (which contained 4, 10, 
25, 30, and 40% fat, respectively) showed 
values of 48.5 dynes at 60° F. Sharp decreases 
in surface tension were noted between 60 and 
90° F. The values for the five products at 
90° F. were 38, 33, 32.5, 32, and 31 dynes, 
respectively. 

Between 90 and 100° F., abrupt increases 
in surface tensions were noted. The values 
for the five fat-containing products ranged 
from 41 dynes for the 4% milk to 32 dynes 
for the 40% cream at 100° F. Between 100 
and 170° F. the surface tension values de- 
creased only slightly. The values ranged from 
38 dynes for the 4% milk to 35 dynes for the 
40% eream at 170° F. 

Homogenized milk had higher surface ten- 
sion values than nonhomogenized milk at all 
temperatures studied. Also, it is significant 
that homogenized milk failed to show an 
abrupt increase in surface tension between 
90 and 100° F. The surface tension value for 
both produets at 50° F. was 49 dynes; at 90° F., 
the value for homogenized milk was 44, and 
at 160° F. the surface tension was 42.5. The 
values of nonhomogenized milk were 38 dynes 
at 90° F., 41 at 100° F., and 39 at 160° F. 


Variations in cultures of Geotrichum isolated 
from cream. E. R. Garrison AND Mary ANNE 
Howupar, University of Arkansas, Fayetteville. 

Three hundred cultures that resembled 
Geotrichum candidum were isolated from sour 
cream, purified, and studied. The following 
earbon compounds were assimilated by all 
cultures: dextrose, galactose, sorbose, D-xy- 
lose, ethyl aleohol, glycerol, mannitol, sorbitol, 
inositol, pyruvie acid, lactic acid, and succinic 
acid. All cultures grew without added vita- 
mins, fermented dextrose and galactose, hydro- 
lyzed milk fat, and liquefied gelatin. 

The following carbon compounds were not 
assimilated by any culture: maltose, sucrose, 
cellobiose, trehalose, lactose, melibiose, raffi- 
nose, melezitose, inulin, starch, L-arabinose, 
p-arabinose, D-ribose, L-rhamnose, D-glucosamine 
hydrochlohide, potassium sodium saccharate, i- 
erythritol, dulcitol, alpha-methyl-p-glucoside, 


salicin, caleium-2-keto gluconate, and potassium- 
5-keto gluconate. All cultures failed to (1) grow 
at moderate osmotie pressure, (2) synthesize 
starch from carbohydrates, (3) ferment lac- 
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tose, maltose, suerose, inulin, raffinose, (4) 
utilize KNO,. 

The cultures varied in their ability to as- 
similate adonitol, citrie acid, ethyl acetoace- 
tate, and potassium p-gluconate. Variation 
in action on litmus milk was observed. All 
cultrres grew at 4.4 and 36.1° C., 90 grew at 
37° C., none grew at 37.5° C. On potato dex- 
trose agar, 35 selected cultures gave the largest 
giant colonies at 26.6° (6) or at 29.4° C. (29); 
optimum pH ranged from five to eight, but 
growth was affected only slightly by pH within 
this range. All cultures survived heating in 
milk at 53.06° C. for 30 min., seven survived 
57.2° C., none survived 58.6° C. 

Rehydration of nonfat dry milk solids with 
home water supplies. A. V. Moore, Texas 
Agricultural Experiment Station, College Sta- 
tion. 

Distilled water and nine potable home waters 
were used to rehydrate one commercial lot of 
nonfat dry milk solids. The freshly rehy- 
drated milks and those stored at 40° F. for 
15 days had good flavor if the waters or the 
milks were pasteurized; otherwise, fruity, bit- 
ter, medicinal, astringent, and musty flavors 
occurred in some stored samples. 

The curd tension of the raw rehydrated 
samples varied from 36 to 54; this appeared 
to be a function of the CO. and HCO, content. 
?asteurization lowered the curd tension; the 
addition of. CaCl. to the pasteurized milks 
raised it to as high as 74. 

Normal acid development by a lactie starter 
was achieved in 14 to 15 hr., usually, but in 
waters high in bicarbonates there was a 
buffering effect for the first 5 hr. of ineuba- 
tion. Satisfactory starter aroma and acidity 
were developed better in high bicarbonate 
samples by doubling the usual amount of 
starter inoculum. 


Phosphatase tests on butter. T. R. Free- 
MAN AND J. L. Bucy, Kentucky Agricultural 
Experiment Station, Lexington. 

Reports from the butter industry indicated 
that certain procurement agencies of the fed- 
eral government were oceasionally rejecting 
shipments of butter because of positive phos- 
phatase tests. The creameries maintained that 
the shipments of butter had been churned 
from properly pasteurized cream. 

Objectives of the present study were (1) 
To ascertain the extent to which this could 
be a problem for the butter industry in Ken- 
tucky, and (2) if it was a problem of com- 
mercial significance, to devise methods for 
solving it. 

Samples of freshly churned butter were 
transported to the Kentucky Agricultural Ex- 
periment Station laboratory and tested by the 
official phosphatase test (A.O.A.C., Method 
Il). Six creameries using the batch method 
and two using the continuous method of churn- 
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ing furnished 347 samples, which were ana- 
lyzed 24 hr. and 1, 2, and 4 wk. after churning. 
Twenty-eight per cent of the continuous, and 
4% of the batch samples of butter were phos- 
phatase-positive at the 24-hr. test period. Of 
28 samples of continuous butter tested within 
1 hr. or less of churning, 25% were negative 
at this period but positive at the 24-hr. period, 
and would be designated as false-positives. 
Tests for 24-hr. false-positives have not been 
made on batch-churned butter. 


Effect of chocolate milk powder mixtures on 
the accuracy of the Pennsylvania TeSa, Ger- 
ber, and Babcock-Gerber tests for fat in ho- 
mogenized chocolate milk. J. T. CarpWELL, 
Mississippi State University, College Station. 

Results from 16 commercial chocolate mix- 
tures indicate that the chocolate mixture used in 
preparing chocolate milk had a more pro- 
nounced effect on the per cent fat obtained by 
the Pennsylvania method than on results ob- 
tained by either the TeSa, Gerber, or Babcock- 
Gerber methods. The Babeock-Gerber method 
had the least variance in the deviations in fat 
percentage of chocolate milk from the fat per- 
centage of the raw milk. These variances were 
1.194, 0.072, 0.035, and 0.019% fat for the 
Pennsylvania, TeSa, Gerber, and Babcock- 
Gerber methods, respectively. The tests for 
the original milk averaged 3.57% fat; whereas, 
the chocolate milks averaged 2.52, 3.44, 3.48, 
and 3.40% fat as determined by the Pennsyl- 
vania, TeSa, Gerber, and Babcock-Gerber 
methods, respectively. The interaction exist- 
ing between the effect of homogenization and 
chocolate mixture on the fat percentage values 
obtained by the Pennsylvania method was 
not evaluated. 


The influence of nitrogen fertilization and 
harvest time on the nutritive value of pelleted 
coastal Bermudagrass hay. R. R. Harris, 
W. B. Antuony, J. G. STARLING, AND C. A. 
BrogpEN, Auburn University, Auburn, Ala- 
bama. 

Nitrogen in amounts of 0, 160, and 320 lb. 
per acre was applied in split applications to 
well-established coastal swards. The forage 
was cut for hay three times during the sea- 
son. After being field-cured, the hay was 
pelleted. Six uniform Hereford steer calves 
were used as test animais during conventional 
nutrient balance trials. Intake studies were 
also conducted with the same animals placed 
in individual stalls and fed the pellets to 
appetite. The average daily consumption of 
9 lb. D.M. from October harvested hay sup- 
plied less digestible Calories than are required 
to maintain a 450-lb. liveweight calf. The 
average D.M. consumption of pelleted coastal 
hay eut during June or July was 11 lb. The 
influence of nitrogen on the nutritive value of 
coastal Bermudagrass hay was examined for 
the hay harvested July 28. Nitrogen applica- 


tion to the sward prior to harvest for hay had 
no significant effect (P .05) on apparent di- 
gestibilities of dry matter, crude protein, cellu- 
lose, crude fat, or energy. The results indicate 
that pelleted coastal Bermudagrass hay is 
completely inadequate as the only source of 
nutrient for growing cattle. Deficiencies shown 
to exist for young cattle fed a diet of pelleted 
coastal Bermuda hay were: (1) insufficient 
intake of feed existed, even though the prod- 
uct was pelleted, (2) protein, (3) minerals. 


An unbreakable esophageal-fistula cannula 
for collecting forage samples by grazing cows. 
L. L. Rusorr anp L, E. Foorsr, Louisiana Agri- 
cultural Experiment Station, Baton Rouge. 

Several types and sizes of plastic esophageal 
fistula cannulas were inserted successtully in 
dairy cows. When animals were allowed to 
graze on pasture, the cannulas cracked or 
broke, due to striking fences or trees. A thin 
stainless-steel cannula was designed which 
has proved to be useful in collecting samples 
of forage grazed. This cannula consists of 
1.5 in. o.d. by .010-in. seamless wall tubing of 
stainless steel, type 347, and 4.25 in. long. 
The interior flange is 4.0 in. long and consists 
of 1.5 in. o.d. by .120-in seamless wall tubing 
of stainless steel, type 304. The surgical pro- 
cedure as reported by Cook et al. (J. Animal 
Sei., 17:189. 1958) was followed for the 
introduction of the esophageal-fistula cannula, 
with modifications. 


Changes in digestibility of cool-season for- 
ages during the spring grazing season. G. I. 
HAWKINS AND G. H. Rouiins, Alabama Agri- 
cultural Experiment Station, Auburn. 

Digestibility of oat and wheat forage dry 
matter was determined during the second week 
of March and the third week of April, with 
four cows per species grazing individual pad- 
docks. Also, digestibility of dry matter of 
fescue forage was determined during the fourth 
week of March and the third week of April. 

Mean digestibility of dry matter of the 
forages wes 72.8 and 65.5%, respectively, for 
the first and second trials. This 7.3 decrease 
(P < 0.01) was significantly correlated (r = 
—0.479) with the inerease in crude fiber con- 
tent of the forages. Also, digestibility of 
forage dry matter was correlated significantly 
(r = 0.370) with persistency of FCM produe- 
tion. Other significant correlations existed 
between digestibility of forage dry matter 
and intake of forage dry matter per 100 lb. of 
body weight (r = 0.910) and between the per 
cent erude fiber in the forage and the intake 
of forage dry matter per 100 lb. of body 
weight (r = —0.793). 

The decline in digestibility of forage dry 
matter by species was oats 1.3%, wheat 2.2%, 
and feseue 1.5%. Forage dry matter intakes 
declined as digestibility decreased. Thus, the 
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milk produetion decline was due to decreased 
digestibility and decreased intake of the for- 


ages. 


Relative feeding value of Coastal Bermuda 
grass silage and corn silage for lactating dairy 
cows. J. C. Jonnson, Jr., F. E. Knox, anp 
B. L. SourHWELL, Georgia Coastal Plain Ex- 
periment Station, Tifton. 

A relative evaluation of corn silage and 
Coastal Bermuda (CB) grass silage as the 
sole roughages was obtained from two double- 
reversal feeding trials and digestion trials 
using the lignin ratio technique. 

In Trial 1, daily dry matter consumption 
per hundredweight was 1.73 lb. with corn 
silage and 1.71 lb. with CB silage. Feeding 
corn silage resulted in a significant increase 
of 1.54 lb. (6.0%) in average actual daily 
milk production per cow over that obtained 
with CB silage. Though not significant, there 
was a pronounced tendency for cows fed CB 
silage to gain more in body weight than cows 
fed corn silage (1.9 vs. —0.1 lb. per cow per 
day). 

In Trial 2, daily dry matter consumption 
per hundredweight was 14.5% greater with 
corn silage (2.05 vs. 1.79 lb.). Feeding corn 
silage as compared to CB silage resulted in a 
highly significant increase of 3.80 lb. (14.1% 
in average actual daily milk production per 
cow and a highly significant increase in aver- 
age daily weight gains (0.73 vs. —0.61 lb.). 

On a dry matter basis, the TDN content of 
corn silages and CB silages, respectively, was 
55.3 and 46.9% for Trial 1 and 57.3 and 44.7% 
for Trial 2. Relative differences in estimated 
TDN content of the silages conform rather 
well with differences observed in the feeding 
trials. 


Small-sample in vivo cellulose digestion 
technique for forage evaluation. J. W. Lusk, 
C. B. BrowninG, AnD J. T. Miues, Mississippi 
Agricultural Experiment Station, State Col- 
lege. 

The apparent digestibility of cellulose of 
several forages was determinel by conventional 
digestion trials and by 3-g. samples of forage 
placed in nylon sacks and suspended in the 
rumen of cattle. 

Cellulose digestion of alfalfa was 56.5% 
by conventional methods, whereas 55.2, 54.9, 
55.2, and 56.3% were obtained for 36-, 48-, 
60-, and 72-hr. digestion periods, respectively, 
with small samples. Cellulose of Coastal Ber- 
muda hay was 63.7% digested in a conven- 
tional trial, whereas 51.6, 55.4, 60.1, and 61.0% 
were digested by the small-sample technique 
in the respective hours stated. There was no 
significant difference between the digestion 
coefficients obtained with alfalfa or between 
the 72-hr. and conventional digestion coeffi- 
cients for Coastal Bermuda. 


Correlation coefficients of 0.66* and 0.80** 
were obtained in two trials when comparing 
simultaneous cellulose digestion by the two 
methods. 

The digestion coefficients of eight forages 
determined by the small-sample technique, and 
the same forages in unrelated digestion trials, 
were significantly correlated (0.72*). 

* Significant at 5% level. 

**Significant at 1% level. 


Two levels of distiller’s grains and ground 
snap corn as preservatives for wheat silage. 
M. E. McCuntoveH anp L. R. Sisk, Georgia 
Experiment Station, Experiment, Georgia. 

Wheat, cut at the prebloom stage, was en- 
siled in 20-ton upright silos. The four silo 
treatments were: (a) 100 lb. corn, (b) 100 
lb. distiller’s grains, (¢) 200 lb. corn, and (d) 
200 lb. distiller’s grains per ton of forage en- 
siled. The resulting silages were fed free 
choice to dairy cows. Grain was fed as the 
only supplement to the silage ration. Silages 
(a) and (b) were fed to two groups of four 
cows, with initial production of 26 lb. FCM. 
The cows consumed an average of 25.7 and 
25.4 lb. dry matter of silages (a) and (b), 
respectively, or 2.85 and 2.78 lb. silage dry 
matter per 100 lb. body weight. They pro- 
duced 22.7 and 23.8 lb. of 4% FCM milk. The 
difference was significant at the .05% level of 
probability. The two groups fed silages (¢) 
and (d) had an average initial production of 
36 lb. FCM. During the experiment, the cows 
consumed 25.4 and 25.7 lb. silage dry matter 
per day or 2.78 and 2.85 lb. silage dry matter 
per 100 lb. body weight on silages (a) and 
(b). Average FCM milk production was 29.5 
and 32.5 lb. (P= > .05). The cows had a 
total dry matter consumption of 3.4 lb. per 
100 lb. body weight on the silages with 200 lb. 
preservative, and 2.9 lb. when 100 Ib. pre- 
servative per ton was used. The lower intake 
on the 100-lb. preservative level probably re- 
flects the lower level of milk produetion of 
the cows fed the silage. 


Performance of lactating dairy cattle fed 
millet silages harvested at two stages of ma- 
turity with and without corn as a preservative. 
K. 6b. Morgan anp H. Dewrrr Exuzey, South- 
east Louisiana Dairy and Pasture Experiment 
Station, Louisiana State University, Frank- 
linton, 

The treatments used in this investigation 
were: 1. Immature millet alone; 2. immature 
millet plus 150 lb. of ground snapped corn 
per ton of green forage as ensiled; 3. mature 
millet alone; 4. mature millet plus 150 lb. 
ground snapped corn per ton green forage as 
ensiled; 5. corn silage with no additive. 

The immature stage of millet as used here 
was the stage at which time seed heads had 
not emerged, but the plants were flagging. 
Mature millet as defined in these trials was 
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the stage of maturity in which the seed heads 
were fully emerged and in the soft dough 
stage. 

Intakes per animal on a dry matter basis, 
and expressing the D.M. as pounds consumed 
per 100 lb. of body weight were: 1.87; 2.03; 
1.74; 1.85; and 1.93 for Treatments 1 through 
5, respectively. It is noted that the immature 
millets, particularly Treatment 2, were con- 
sumed in greater quantities than the more 
mature stages of millet and corn silage. The 
highest dry matter intake was obtained from 
immature millet plus corn, with the lowest 
being corn silage alone. 

Beginning levels of production for all cows 
was 34.0 lb. of FCM. The ealeulated grand 
mean for all treatments was 26.2 lb. of FCM 
for the study. Calculated treatment means 
were: 1—25.7; 2—28.7; 3—24.5; 4—27.0; 
5—24.2 lb. of FCM. The highest level of pro- 
duction was provided by the immature millet 
plus corn, while the lowest was corn silage 
alone. Body weights were maintained for all 
cows, regardless of treatment. 


Observations on the digestibility of sweet 
sorghum silage ensiled at four stages of ma- 


turity. D. S. Ramsey, J. W. Lusk, anp J. T. 
MiLEs, Mississippi Agricultural Experiment 


Station, State College. 

Although sweet sorghum is widely adaptable 
and highly productive, silage made from this 
crop has not been consumed or digested as 
well as several other silages tested. The effect 
of stage of maturity of Tracy sorghum on 
consumption and digestibility was studied, 
using two 4 X 4 Latin-square design digestion 
trials involving eight cows per trial. Sorghum 
was ensiled when the heads were in the fol- 
lowing stages: fully flowered, milk, soft dough, 
and ripe (2 wk. after soft dough). All silages 
were fed ad lib. as the sole roughage. Two 
pounds of soybean oil meal were fed daily 
per cow in the second trial. For the respec- 
tive stages, consumption of dry matter per 
100 lb. of body weight was: 1958—0.84, 0.89, 
0.89, 0.83; 1959—1.13, 1.25, 1.35, 1.31 Ib.; di- 
gestibility of dry matter was: 1958—49.7, 
52.1, 49.0, 45.8; 1959—51.5, 53.9, 54.0, 56.4%; 
digestibility of protein was: 1958—25.1, 25.5, 
15.5, 26.5; 1959—41.8, 41.7, 32.1, 25.6%; and 
silo dry matter losses due to fermentation (by 
buried sack) were 1958—30.6, 29.7, 24.1, 
30.0; 1959—34.4, 32.5, 25.8, 31.0%. Data on 
digestibility of cellulose and energy will be 
presented. 


Nutrient composition and digestibility of 
corn silage as affected by fertilizing rate and 
plant spacing. R. A. ALEXANDER, G. A. BARDEN, 
J. F. Hentess, Jr., J. T. McCay, ann W. K. 
Rosertson, Florida Agricultural Experiment 
Station, Gainesville. 

Corn was grown on Blichton fine sand and 
harvested in the early dent stage. Complete 


4-12-12 fertilizer rates (lb/acre), nitrogen 
rates (lb/acre), and plant spacings (in.) were, 
respectively: Lot I, 400, 40, and 20; Lot II, 
800, 80, and 20; Lot ITI, 400, 40, and 10; Lot 
IV, 800, 80, and 10. Digestibility data were 
collected on four steers and four wethers in 
two total collection digestion trials of 4 x 4 
Latin-square design. Yields of air-dry forage 
(lb/aere) were: 2,680, 3,810, 4,220, and 5,360 
for Lots I, II, III, and IV, respectively. At 
both the low and high rates of fertilization, 
protein content decreased with increasing 
plant population from 20- to 10-in. row spae- 
ing. Within each plant population, increase in 
fertilizer rate increased protein content but 
had little effect on other nutrient components. 
In Treatment III (high stand-low fertilizer), 
protein digestibility was significantly lower 
(P < 0.01) than in the other treatments. Di- 
gestibility of protein, energy, and ether ex- 
tract was significantly increased (P < 0.05) 
in Treatments II and IV (high fertilizer). 
Increasing the plant population by closer 
spacings increased forage yields but decreased 
nutrient content (per cent) and digestibility. 
High fertilization (II, IV) at both low and 
high population increased total nutrients 1,106, 
1,107 lb/aere and digestible nutrients 895, 
751 lb/aere. High population (III, IV) at 
both low and high fertilizer rates increased 
total nutrients 1,509, 1,511 Ilb/acre and di- 
gestible nutrients 1,034, 890 Ib/acre, respee- 
tively. All treatments of silage contained less 
than 0.015% potassium nitrate. 


Lignin and some other constituents in Su- 
dan grass and millet varieties. A. S. AcHa- 
coso, L. L. Rusorr, C. L. Monpart, Jr., AND 
F. L. Bonner, Louisiana Agricultural Experi- 
ment Station, Baton Rouge. 

The lignin content and sonie other constitu- 
ents of three varieties each of Sudan and 
Millet at different stages of growth were de- 
termined. The forages received 120 lb. of 
nitrogen per acre in two applications, and 
were cut at ten-day intervals. First cuttings 
on all varieties were made when plants reached 
30-35 in. in height, and cut back to a 6-in. 
stubble. 

Results on the effect of maturity on the 
chemical constituents showed that the lignin 
content of each variety increased significantly 
(P< .01) as maturity progressed. The av- 
erage values ranged from 4.28 to 8.82% for 
Sudangrass and from 4.75 to 6.81% for Millet 
on the first and fifth cuttings, respectively. 
As was expected, crude protein decreased sig- 
nificantly (P< .01) from 19.8 to 8.6% for 
Sudangrass and from 25.3 to 7.3% for Millet, 
with sharp declines during the first two cut- 
tings. Crude fiber inereased significantly (P 
< .01) with maturity; however, no significant 
differences were found between values obtained 
after the second cutting for both species. 
Progressive increases in dry matter content 
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for all varieties tested were obtained at each 
successive stage of eutting. Nitrogen-free ex- 
tract tended to be variable at the first three 
cuttings, after which the values increased up 
to the last eutting. Ether extract and ash 
also decreased with maturity. 


Factors concerned in hot weather effects on 
growth and feed efficiency of dairy heifers. 
J. E. Jonnston, G. A. Hinpery, D. H. Hit, 
AND A. J. Guipry, Louisiana State University, 
Baton Rouge. 

Nine yearling heifers including three Jer- 
seys, three Holsteins, and three F, Red Sin- 
dhi—Holsteins were maintained in the Climatie 
Control Chamber for a 138-day period, start- 
ing November 3, 1959. An initial 88-day cool 
(60-70° F.) period was followed by a 40-day 
hot (75-95° F.) period. Average daily gain 
declined in all animals during the first 20-day 
exposure to hot conditions, but recovered dur- 
ing the second 20 days. These changes in 
gain were correlated with similar changes in 
dry matter intake. Daily water intake rose an 
average 17% on exposure to hot conditions. 
The greatest initial effects of hot conditions 
on rate of gain were observed in two of the 
three Holsteins and least in two of the three 
crossbreds. The estimated metabolic heat pro- 
duction showed a rise after exposure to hot 
conditions, as did PBI levels; however, thy- 
roxine utilization rate declined. Differences 
in observed metabolic heat production and 
thyroid function do not appear to explain ade- 
quately differences in response to hot condi- 
tions, as measured by rates of gain and feed 
consumption. 


Frequency of grain feeding by mechanical 
means and growth rate response of dairy 
heifers. O. H. Horton anv G. S. NELSON, 
University of Arkansas, Fayetteville. 

In this experiment a time-controlled auto- 
matie feeding device, designed by the junior 
author, was used to frequency-feed grain to 
dairy heifers over a 90-day period. A hori- 
zontal auger was used to deliver grain either 
into a holding box or into a manger. The 
grain falling into the manger was consumed, 
whereas the grain in the holding boxes accu- 
mulated until they were tripped by the timer. 
Feeding frequencies of two, four, and eight 
times a day were used. The total amount of 
grain fed per day was the same for all 
heifers. An average of 12.5 oz. of grain was 
augered at each interval when a group of 
three Holstein heifers for each frequency was 
being fed. In a second trial, using nine (three 
per lot) Jersey heifers, 9 oz. of grain were 
fed per feeding. 

The response in body weight gains was simi- 
lar to that reported previously by other work- 
ers. The mean body weight gains for heifers 
fed four and eight times daily were signifi- 
cantly greater than those fed two times daily. 
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No differences were found in the mean body 
weight gains for heifers fed four and eight 
times a day. 

Mechanical feeding reduced labor. The cost 
for electricity was approximately 0.019¢ per 
animal per day. 


The importance of trace minerals in calf 
starter and milk replacer. HK. W. Swanson 
AnD L. M. Carpenter, University of Tennes- 
see, Knoxville. 

The effect of adding Fe, Cu, Co, Mn, Zn, 
and I to the ration was determined with 96 
Jersey and 48 Holstein calves. They were 
divided into four equalized groups at birth: 
I—no mineral supplement; [[—minerals added 
to milk; I1[—minerals added to starter; [V— 
minerals added to both milk and starter. Re- 
constituted skimmilk was fed from seven to 
42 days to Holsteins and seven to 56 days to 
Jerseys. Calf starter was fed ad lib. up to 
4 lb. per calf daily. Mixed hay was fed ad lib. 
Differences in growth among the groups were 
nonsignificant. For the first 7 wk. the calves 
fed supplemented skimmilk averaged 57.0 lb. 
gain compared to 58.7 lb. for the controls. The 
1- to 16-wk. gains averaged 122, 120, 125, and 
121 lb., respectively, for groups I to IV. 
There were no significant differences among 
groups in feed consumption. Differences in 
hemoglobin concentrations due to mineral sup- 
plementation of milk or starter were not sta- 
tistically significant. Determinations were also 
made of hematocrit, blood Ca, P, and PBI. 
None of the measures of evaluation used in- 
dicated any benefits from trace mineral sup- 
plementation. 


Comparison of different calf starters for 
early weaned calves. L. J. Busy, G. V. ODELL, 
AND M. G. YanG, Oklahoma State University, 
Stillwater. 

Thirty-two male Holstein calves were used 
in an experiment to compare four different 
calf starters. A 2 X 2 factorial arrangement 
of treatments was used, with the addition of 
a commercial enzyme preparation (Agrozyme) 
to the starter as one variable and steaming of 
the grains in the mixture as the other vari- 
able. Thus, the four starter groups were: (1) 
steamed grains plus added enzymes; (2) 
steamed grains without enzymes; (3) un- 
steamed grains plus added enzymes; and (4) 
unsteamed grains without enzymes. The calves 
were started on experiment when four days 
of age and were fed whole milk at the rate 
of 10% of initial body weight for 14 days and 
at the rate of 8% of initial weight for an ad- 
ditional ten days. Each calf starter was fed 
ad libitum, starting when the calves were four 
days of age and constituting the sole diet 
after the calves were weaned abruptly at 28 
days of age. Up to 8 wk. of age, the average 
daily gain of the calves was 1.34, 1.22, 1.17, 
and 1.35 lb. for Groups 1, 2, 3, and 4, respee- 
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tively; at 16 wk. of age the average gain for 
the same respective groups was 1.67, 1.62, 
1.48, and 1.68 lb/day. There were no signifi- 
cant differences among treatment groups with 
respect to weight gains, feed consumption, 
blood glucose levels, rumen pH, or general 
health of the calves in this experiment. 


Gradual vs. abrupt weaning of dairy calves 
from a limited level of milk replacer. W. J. 
Minter AND C. M. Cuirron, University of 
Georgia, Athens. 

Thirty-two Holstein and 16 Jersey calves 
were fed milk replacer as the only source of 
milk products from five days of age until 
weaned. A conventional system of gradually 
increasing the amount, followed by a gradual 
reduction, was compared with a system in 
which a ealf was given the same quantity each 
day until weaning. By this abrupt system, the 
Holsteins and Jersey calves were given 9 and 
7 lb. of milk replacer per day for 33 and 37 
days, respectively. Those on the conventional 
system received the same totals over a 45-day 
period. These treatments were combined in a 
factorial design in which four ealf starters 
were used. There were no significant differ- 
ences in weight gains, starter consumption, 
incidences of diarrhea, or days of diarrhea 
among the treatments. When diarrhea oe- 
curred, the only change made in feeding and 
caring for the calves was to give 2 oz. of 
Modified-Mareol B-75 twice per day. During 
the year this study was in progress, 31 in- 
stances of-dierrhea were observed and treated 
with this product. Of these, 22 appeared nor- 
mal after one day, six others after two days, 
and another one the third day. The remain- 
ing two were treated by personnel of the 
School of Veterinary Medicine. 


Evaluation of the growth of dairy calves on 
a constant feeding regime in southern Louisi- 
ana. K. J. Stone, E. B. MorGan, anv J. B. 
Frye, Jr., Louisiana Agricultural Experiment 
Station, Baton Rouge. 

Four years’ observations on growth and 
feed intake have been made on 119 Holstein 
and 79 Jersey female calves from birth through 
12 wk. on a constant feeding regime. Mean 
birth weights for the Holsteins and Jerseys 
were 74.9 and 48.4 lb., respectively, while body 
weight at 12 wk. was 153.3 and 116.2 lb. An- 
alysis of variance of body weight for the Hol- 
steins gave highly significant differences (P 
<.01) in birth weights and body weight at 
12 wk. among years and among sires in years; 
whereas, gain in body weight (0-12 wk.) was 
highly significant (P < .01) among years and 
significant (P < .05) among sires in years. 
For the Jersey breed, differences in birth 
weight among years and among sires in years 
were not singificant. However, body weight 
at 12 wk. was highly significant (P < .01) 
among years and signifieant (P < .05) among 
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sires in years. Body weight gain (0-12 wk.) 
was significant at the 1% level among years 
and among sires in years. 

When gain in body weight over the 12-wk. 
period was adjusted for differences in birth 
weight, highly significant differences among 
sires within years were obtained for the Hol- 
stein breed. 

Best Fitting Curves for body weight and 
heart girth are presented for the Holstein and 
Jersey breeds. Comparisons with USDA and 
Ragsdale standards show no significant differ- 
ences between the slopes of the curves for the 
Louisiana animals with USDA and Ragsdale 
standards. 


Pasture vs. barn feeding for raising calves. 
B. F. Hontton anp R. D. Mocurig, Coastal 
Plain Research Station, Willard, N. C. 

Four female and eight male Jersey calves 
were raised on pasture from four through 112 
days of age. The pasture consisted of new 
seedings of small grain—Crimson clover for 
the period October-April, Ladino clover—Fes- 
cue for April-May, and Starr millet for June- 
July. An equal number of calves was simul- 
taneously raised in a barn and fed Coastal 
Bermuda grass hay ad libitum for roughage. 
All calves were supplemented with very lim- 
ited amounts of whole milk to 35 days of age 
and with calf starter up to a maximum of 
2.5 lb. per day to the end of the trial. Calves 
on pasture weighed 56 lb. initially; consumed 
123 lb. of milk, 189 lb. of starter (seven of 
the 12 averaged 7.1 lb. of hay during inclement 
weather) ; gained 0.98 lb. per day liveweight, 
and increased in height at withers 5.90 in. 
Corresponding values for barn-raised calves 
were: 56, 119, 201, 156, and 0.83 lb. per day 
and 4.75 in. The greater weight gains and in- 
creases in height for calves on pasture were 
both statistically significant at P < 0.05. Ob- 
servation of fecal samples and digestive tract 
contents indicated little difference between 
treatment groups in number or kinds of in- 
testinal parasites. 


Quality codes in evaluating feeds in EDPM- 
DHIA records. R. Sam Jones, Jr., Agricul- 
tural Extension Service, Auburn, Alabama. 

Feeding schedules developed in machine- 
processed DHIA records are the most accurate 
available to dairymen today—if forage data 
used in caleulating these schedules are accu- 
rate. Three major errors oceur in forage data 
reported for machine caleulation, (1) erro- 
neous quality codes, (2) erroneous dry matter 
content, (3) inaeceurate daily intake. 

In Alabama, a forage testing program has 
been developed to furnish more accurate data 
on forages.. A trial program was set up in 
1959 to evaluate the reliability of quality 
codes developed from chemical analysis of 
forages, in maintaining expected milk per- 
sistency when feeding schedules were devel- 
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oped on a basis of the chemical analysis of 
forages fed. Results of this study will be 
given. 

A survey of quality code and dry matter 
eontent figures used by supervisors shows a 
wide variation from codes and dry matter 
content figures developed from chemical an- 
alysis of forages. This variation will be 
discussed. 


Care and accuracy of testing equipment used 
by DHIA associations. R. R. Ricn anp M. E. 
Sencer, North Carolina State College, Raleigh. 

Fifty spring-balance seales were checked 
for accuracy at the 5-, 10-, and 25-lb. weights. 
Seales tended to become less accurate at the 
25-lb. weight. Seven or fourteen per cent of the 
seales deviated 0.3 of a pound or more from the 
actual weight at this level. Forty per cent of 
the seales showed no deviation from the ac- 
tual weight. 

Sixty-eight milk-o-meters were checked. 
They varied in length of use from 1 to 52 mo. 
The length of use since any meter was last 
checked varied from 1 to 31 mo. The average 
use of the meters was 8.6 days per month. 
Fifteen, or twenty-two and eight tenths per 
cent, of the meters deviated from the check 
weight by 0.6 of a pound or more. There was 
a tendency for the meters to underweigh. Some 
inaccuracies were due to improper cleaning of 
the meter. 

The speed of the centrifuge was checked 
for accuracy by the use of a tachometer. The 
speed ranged on 24-bettle machines from 700 
to 950 revolutions per minute. Twenty-two 
of the 40 machines checked were below the 
recommended speed, 15 were above, and three 
were within the recommended range. Only 
a few of the machines were considered ex- 
cessively slow or fast. There was practically 
no difference between the speed of an empty 
or loaded centrifuge. 

Thermometers were checked for accurate 
readings. Seven of 34 thermometers checked 
were off five degrees or more when compared 
to a tested thermometer. There tended to be 
more inaccuracies in the higher temperature 


ranges, 


Critical appraisal of the central processing 
program for DHIA records. W. S. Grirritn, 
Virginia Polytechnic Institute, Blacksburg. 

The DHIA program has gained limited aec- 
ceptance due to the inability of the Extension 
Service to communicate effectively with the 
industry. There are more dairymen who feel 
that they do not need records than there are 
who recognize this need. Relatively few ex- 
tension workers or dairymen appreciate the 
National Cooperative Dairy Herd Improve- 
ment Program (NCDHIP). However, deelin- 
ing profit margins are causing dairymen to 
re-evaluate their need for records. 

Although the present NCDHIP offers many 
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advantages to dairymen today, additional re- 
search is needed to keep the program geared 
to the future needs of the industry. The pres- 
ent program assumes that forage consumption 
within a herd is directly proportional to and 
in the same ratio as body weight. It assumes 
the cow is equally efficient in utilizing the 
nutrients in a forage regardless of the quan- 
tity fed. It assumes that each pound of grain 
fed produces equal response in milk produe- 
tion, regardless of the level of feeding. The 
replacement value of energy in good hay is 
the basis of estimating all forage costs. Grain- 
feeding recommendations fail to consider the 
value of the milk produced. 

There is a grave danger that our testing 
programs may be fitted to the electronic ma- 
chinery rather than to the needs of the 
industry. 


Experiences in mastitis control in Florida. 
C. B. PiumMerr, Jr., Florida Extension Serv- 
ice, Gainesville. 
It is estimated that mastitis is costing the 
dairy industry of Florida 5.5 million dollars 
annually. This is an average of $23.50 per 
cow per year. 
Florida has had a state mastitis control 
program for 12 yr., and it has always been 
under the direction of the Florida Livestock 
Board. 
When the dairymen request assistance, the 
supervisor visits the dairy. He first explains 
the program and stresses the feat that coop- 
eration by the owner is necessary. If the 
owner is agreeable, the following steps are 
taken: 
1. The plant and ground are carefully stud- 
ied and necessary physical changes noted. 
2. Milking equipment is examined. Equip- 
ment for checking the vacuum, pulsators, 
and electrical current has been added 
recently. 

3. A stable test using the strip cup is made 
to determine infected animals. 

4. Milking methods are observed. 

A report listing infected animals and 


5 
quarters is given to the owner. 
6. Recommendations are made suggesting 


changes that should be made in the physi- 
cal plant and milking habits. 

7. If treatment is indicated, it is suggested 
that the owner seek professional advice 
for proper medications. 

8. Follow-up visits are made by the super- 
visor. 


One approach to a mastitis prevention and 
control program. S. L. Kauison, Virginia 
Polytechnie Institute, Blacksburg. 

An effective mastitis prevention and control 
program must include four phases. These are 
good herd management, proper milking pro- 
cedures, accurate and complete diagnosis, and 
treatment based on the diagnosis. 
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Application of herd management procedures 
and milking methods depends on the man 
milking the cows. The diagnostie and treat- 
ment phases require the services of the vet- 
erinarian and the diagnostic laboratory. A 
successful program depends on the joint effort 
and cooperation of the dairyman, veterinarian, 
and laboratory. 

Failure of the dairyman to fulfill his role in 
the total program will nullify the results of 
treatment, even if it is effective, and will 
create more mastitis than can be successfully 
treated. It is self-evident, therefore, that the 
first step in any approach to the mastitis prob- 
lem is an educational program that must: 

1. Inform the dairyman of the extent of the 

losses due to the disease. 

2. Make the dairyman aware of the fact 
that something can be done about it. 
3. Present the information relative to milk- 
ing methods and herd management essen- 

tial to mastitis control. 

4, Convince the dairyman to apply the reec- 
ommended practices to the entire herd 
continuously. 


The next phase of the progression is the 
initiation of the clinical aspects of a total 
prevention and control program, including di- 
agnosis and treatment. 


Responsibility of extension workers to arti- 
ficial insemination programs. Ricuarp HE. 
Burueson, Federal Extension Service, U. S. 
Department of Agriculture, Washington 25, 

it 

The purpose of the National Association of 
Artificial Breeders is to breed Better Cattle 
for Better Living. The guiding principle of 
the Cooperative Extension Service is helping 
people to help themselves. Extension’s role 
in artificial insemination programs is in keep- 
ing with both of these themes. 

Dairymen are interested primarily in breed- 
ing better cattle in order to improve their 
standard of living. Thus, Extension’s respon- 
sibility falls into two categories. First, ex- 
tension workers have the responsibility of 
encouraging the use of the most outstanding 
dairy sires available. In most cases, this will 
be through artificial insemination. Secondly, 
they have the responsibility of making infor- 
mation available which will insure maximum 
results from artificially sired offspring. 

The use and value of outstanding herd sires 
can be emphasized through the DHIA-proved 
sire program, the various breed registry or- 
ganization programs, local artificial breeding 
associations, and county or state breed organi- 
zations. Dairy extension activities should in- 
clude a clarification of terminology, require- 
ments for registration, breeding difficulties, 
and the need for good service by the artificial 
breeding association or semen-producing busi- 


ness. 
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After conception to semen from outstanding 
sires, Extension’s major responsibility is to 
assist dairymen in developing a calf-raising 
and heifer development program which will 
realize the benefit of good breeding. 


Responsibilities of bull studs to artificial 
insemination programs. E. W. NreasHam, Loui- 
siana State University, Baton Rouge. 

The responsibility of the artificial insemina- 
tion program would be to: 

1. Provide bulls of outstanding genetic back- 
ground that will improve type and pro- 
duction. 

2. Provide semen from bulls that pass all 
N.A.A.B. health requirements. 

3. Employ only well-trained technicians, who 
are energetic, reliable, and capable of 
getting cows settled. 

4. Provide service in all of the operating 
territory. 


5. Hold regular meetings with members. 
6. Provide information through news letters 


or otherwise. 

. Provide pedigrees that are complete and 
up-to-date. 

8. Have services available for planned mat- 
ings. 

9. Hold training schools that will provide for 
enough practice and technical background 
so as to assure a high degree of techni- 
cians’ success. 

10. Encourage technicians to provide informa- 
tion on the latest management practices. 


“I 


Effects of nitrogen and other gases on liva- 
bility and fertility of frozen bovine spermato- 
zoa. J. D. Roussen, T. E. Patrick, anp H. C. 
KELLGREN, Louisiana State University, Baton 
Rouge. 

This study was divided into two parts, with 
the first phase being preliminary. The split- 
ejaculate technique, using five mature dairy 
bulls, was employed to determine the effects 
of carbon dioxide, oxygen, and nitrogen gases 
on the freezability and livability of spermato- 
zoa. Flushing ampules with nitrogen gas 
proved superior to the control and other gases 
and methods of application. Both oxygen and 
carbon dioxide were found to have deleterious 
effects on freezability and livability of semen. 

The second phase of the experiment was 
expanded to include both laboratory and fer- 
tility observations. The split-ejaculate tech- 
nique, using six mature bulls, was employed 
to study the effects of flushing ampules with 
nitrogen on freezability, livability, and fer- 
tility of spermatozoa. Nitrogen gas had no 
appreciable effect on freezability; however, 
motility of semen stored at various intervals 
after thawing (livability) was consistently 
higher for the treated samples than for the 
eontrol.. The differences were significant at 
the 0.01 level. 

Fertility, based on 30- to 60-day nonreturns 
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to 277 first services, was 79.0% for the nitro- 
gen-treated semen as compared to 76.7% for 
292 services with nontreated semen. Breed- 
ing efficiencies based on 60- to 90-day non- 
returns were 74.0 and 71.5%, respectively. 
These differences were not significant (P > 
0.05). 


Effects of feeding protamone to bulls on 
semen production, libido, and physiological 
responses. T. E. Patrick, J. D. Roussen, H. C. 
KELLGREN, AND J. O. SHELWICK, Louisiana 
State University, Baton Rouge. 

Bulls in Group I served as a control and 
those in Group II were fed 1.25 g. of Pro- 
tamone daily per 100 lb. of body weight. 
Protamone feeding was started November 16, 
1959, and continued through March 15, 1960, 
with the level being gradually reduced during 
the last 15 days. October 26 through November 
15, 1959, was used as a base period. Observa- 
tions were continued for 30 days after Pro- 
tamone feeding was completed, in order to 
determine the after-effects. 

Group means for all observations were ad- 
justed to eorrect for initial differences. Al- 
though the adjusted means for volume of semen 
were slightly higher for the treated group dur- 
ing all three periods, the differences were not 
significant. In contrast, the adjusted means for 
motility were slightly higher for the control ani- 
mals. An analysis of variance revealed highly 
significant differences in concentration during 
all three periods, indicating that Protamone 
had a depressing effect on sperm production. 

A sharp decline was observed in per cent 
motility and an increase in abnormal sperm 
during the reduced protamone feeding and 
after protamone was discontinued. There was 
no noticeable change in libido during these 
periods; however, semen quality gradually re- 
turned to normal within 45 days after Pro- 
tamone feeding was discontinued. The feed- 
ing of Protamone to bulls failed to show any 
appreciable benefits in semen quality. How- 
ever, there was a significant improvement in 
libido in the group of bulls receiving Pro- 
tamone supplement. The feeding of Protomone 
to bulls did not increase body temperature or 
respiration rate. 


Certain factors affecting the solids-not-fat 
and total solids in milk. O. T. Foscate, Uni- 
versity of Georgia, Athens. 

A total of 352 individual samples of A.M. 
and p.m. milk and 176 composite samples from 
Jersey and Holstein cows were tested for 
SNF. The percentages of SNF for a.m. milk 
were higher than the P.M. percentages for 
both breeds. Mean percentages for A.M. and 
pM. SNF were 9.94, 9.69, and 8.92, 8.68 for 
the Jerseys and Holsteins, respectively. 
Within-cow coefficients of variation (C.V.) 
ranged from 0.4-8.6% for the Jerseys and 
from 0.4-8.4 for the Holsteins. Composite 
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Jersey samples had a range of 9.58-10.0% 
SNF; composite Holstein samples had a range 
of 8.56-8.96% SNF. Coefficients of variation 
between cows were 2.2 and 2.3%. 

Two hundred and forty samples, collected 
over a 5-wk. period, were tested to determine 
percentages of SNF and TS found in different 
portions of the milk. Samples were taken at 
the end of the first 30 see., first 90 see., and 
first 120 see. of milking. The percentages of 
SNF in the Jersey milk were found to be the 
highest in the first portion and decreased as 
milking progressed. This progression was not 
definite in the Holsteins. Mean percentages 
SNF and TS at 30, 90, and 120 see. for the 
Jerseys were 9.78, 13.16; 9.55, 15.57; and 9.44, 
17.66. For the Holsteins, 8.73, 11.05; 8.85, 
13.05; and 8.64, 14.24, respectively. 


Influence of certain environmental factors 
on the fat and solids-not-fat production of 
Jersey cows. J. C. JoHNnson, Jr. AnD R. L. 
Givens, Georgia Coastal Plain Experiment Sta- 
tion, and USDA, ARS, AERD, Tifton. 

Multiple regression analyses were used to 
examine the influence of daytime average dry 
and wet bulb temperature, solar radiation, 
hours above 80° F., maximum and minimum 
temperature, daytime average shaded and non- 
shaded black globe temperature, rainfall and 
wind speed on milk volume, and on fat and 
SNF per cent. Partial regression coefficients 
indicated that relatively few of the above cli- 
matie variables significantly affected fat and 
SNF per cent. For the most part, increases 
in the temperature variables resulted in sig- 
nificant declines in milk volume. Multiple 
correlation coefficients between all climatic 
variables and fat per cent, SNF per cent, and 
milk volume were highly significant and not 
different between shaded and nonshaded treat- 
ments, except for AM fat per cent. Of the 
variation observed in per cent AM fat, AM 
SNF, PM fat, PM SNF, daily average fat, 
and daily average SNF, only 5.4, 9.6, 6.0, 5.4, 
6.5, and 9.0%, respectively, could be attributed 
to the combined influence of the ten climatic 
variables. Of the variation observed in AM 
milk volume, PM milk volume, daily 4% FCM 
volume, respective percentages of 32.8, 32.4, 
and 29.3 could be attributed to the combined 
influence of the ten climatic variables. 


Genetic and environmental differences among 
dairy herds. N. R. THompson, V. L. BALDWIN, 
AND G. C. Grar, Virginia Agricultural Experi- 
ment Station, Blacksburg. 

Lactation records for milk production of 
Jersey cows were analyzed statistically for 
herd and intra-herd components of variance. 
One lot of 4,408 records came from groups of 
half-sisters located in two or more herds. A 
second lot of 1,389 records came from groups 
of half-sisters located in single herds. The 
difference in relative size of the herd com- 
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ponents from the two groups was multiplied 
by four-thirds. The resulting value, when 
expressed as a fraction of the entire herd 
component, indicated that only 11% of the 
variance due to differences in milk yield could 
be attributed to heredity. 


Effect of vitamin B, deficiency in the gonads 
of male rats. N. Pati, The Agricultural and 
Technical College of North Carolina, Greens- 
boro. 

Sixteen male albino rats of the Holtzman 
strain were randomly divided into four groups. 
Each of them was approximately 70 to 80 
days of age and weighed 125-5 g. The three 
treated groups were fed the Pyridoxine-defi- 
cient diet and each of them was injected with 
0.5 mg. percentage of Des-oxy-Pyridoxine hy- 
drochloride subeutaneously until the animals 
showed the symptoms of vitamin B, deficiency 
(14 days). The fourth group was fed a con- 
trol diet which contained 1.0 mg. Pyridoxine 
per 100 g. of Stock diet. Three weeks after 
the experimental animals showed the typical 
syndrome of B, deficiency, the treated as well 
as the control animals were killed and testes 
were studied histologically. The histological 
examination from cross section of testes from 
B,-deticient rats revealed lack of interstitial 
tissue and atrophied condition of cells of 
Sartoli. Secondary spermatocytes did not com- 
plete maturation division. Small numbers of 
spermatozoa were observed in the lumen of 
seminiferous tubule, in comparison to the 
number of secondary spermatocytes and sper- 
matids. The results indicated possible inter- 
ference of vitamin B, with the effeet of folli- 
cular-stimulating hormone on growth and de- 
velopment of seminiferous tubules, and sper- 
matogenesis. 


Livestock improvement in the Middle East. 
EK. M. Harmon, Hendersonville, N. C. 

Flocks roamed the arid lands of the Middle 
East long before the dawn of written history. 
Most every disease known to the livestock 
world is prevalent. Feed and water are very 
inadequate. High mortality of livestock and 
day-to-day demand for milk, meat, and eggs 
to prevent human starvation have, over the 


centuries, been such as to completely discour- 
age selective breeding. 

In Iran, the feed problem was tackled 
through (1) teaching the use of 650,000 tons 
of beet pulp formerly wasted because they 
thought it useless, (2) growing of alfalfa, 
(3) ensiling of sorghums and other roughages. 
Improved breeding of cattle is being accom- 
plished with Brown Swiss bulls in 12 insemi- 
nation centers, Sindhi bulls in one, and Water 
Buffalo in another. Crossbred cows are pro- 
ducing three times as much as natives and 
adding millions of dollars annually to Iranian 
income. Similar results are being attained 
with poultry, by distributing cockerels from 
over 200 New Hampshire flocks. Upgrading 
of native sheep, and breeding mules to replace 
oxen, are making enormous contributions. Of 
equal importance are 89 vaccination teams 
which police the country to stamp out disease 
outbreak. The outstanding significant point 
is that these activities are all being carried 
on by Iranian technicians being trained by 
Americans to carry out their own programs. 


Call for Papers for the 1961 Meeting of the 
Eastern Section of the American 
Dairy Science Association 


The Eastern Division of the American Dairy 
Science Association will meet on August 7 and 
8 at the University of Massachusetts, Amherst. 
This is the second time that the annual meeting 
will be held at a land-grant institution. Last 
year the University of New Hampshire was the 
host institution. Titles of papers to be presented 
at the meeting must be sent to Secretary W. F. 
Shipe, Department of Dairy and Food Science, 
Cornell University, Ithaca, New York, by June 
1. A more detailed announcement will be mailed 
to the Eastern Division members. 

All abstracts must be prepared according to 
the CALL FOR PAPERS FOR THE 1961 
ANNUAL MEETING OF THE AMERICAN 
DAIRY SCIENCE ASSOCIATION, which ap- 
peared in the JourNAL oF Dairy Scrence from 
September, 1960, through January, 1961, and 
which was prepared by G. W. Trimberger of 
Cornell University. 
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THE ARTIFICIAL INSEMINATION OF Farm ANI- 
maALs. Ed., Enos J. Perry. Rutgers University 
Press, New Brunswick, New Jersey. 3rd Rev. 
Ed. 430 pp. 1960. $6.50. 

This book was first published in 1945, about 
7 yr. after the advent of artificial insemination 
in the United States, and has been revised three 
times, 1947, 1952, and 1960. Since its original 
printing, the quantity of data concerning arti- 
ficial insemination, accumulated through con- 
tinued research, has increased manyfold. The 
third edition contains much new information 
(21 chapters written by 15 well-known authors) 
that reflects the latest experimental findings of 
researchers throughout the world and presents 
it in a well-organized and in an easily under- 
stood way. 

Perhaps the main attribute of this book is 
that it is pointed toward the practical appli- 
sation of scientific findings and principles. Be- 
vause of its practical approach, this book is 
excellent for use by livestock breeders, man- 
agers and technicians of artificial breeding or- 
ganizations, veterinarians, students, and teach- 
ers. This should not detract from the fact that 
it is also a good book for graduate students 
and researchers as a starting place for a review 
of literature in this field. Particularly helpful, 
in this respect, is the fact that specifie refer- 
ences are found throughout each chapter and 


a complete list of references is printed at the 


end of each chapter. This allows the reader 
to gain appreciation for eminent workers in 
the field and the various contributions made 
by each. 

The third edition has been changed consid- 
erably. The chapter concerning the advantages 
and limitations of artificial insemination has 
been eliminated, as these are obvious to any- 
one familiar with the field. A new chapter on 
the evaluation of semen by chemical analysis 
by Dr. T. Mann is a weleomed and worth-while 
addition. This chapter contains a list of the 
chemical components of semen from several 
species, which is an important addition if one 
is to research factors involved in the bio-chem- 
ical processes of sperm and thus to improve 
storage and processing techniques. A new 
chapter on the artificial insemination of buf- 
faloes also lends itself to a better understand- 
ing of the world-wide use of artificial insemi- 
nation. An extremely worth-while addition is 
the chapter on frozen semen by H. A. Herman. 
This chapter presents a brief history of frozen 
semen, discusses the advantages and disad- 
vantages of it, and adequately presents details 
on the freezing technique and related factors. 
Another area of extreme importance is that of 
disease and artificial insemination. This chap- 
ter has been completely revised by two new 
authors: D. E. Bartlett and L. L. Larson. Six 
other chapters concerning the artificial insemi- 
nation of swine, poultry, dogs, and horses and 
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jackstock, and chapters on shipping semen, 
and the role of hormones in reproduction, have 
been vastly revised. These chapters reflect the 
enormous strides made in advancing the arti- 
ficial insemination of other species and of new 
knowledge gained in related areas. In addition, 
the other chapters not mentioned here have been 
revised sufficiently so that they contain up-to- 
date information. 

It is the opinion of the reviewer that this 
third edition has been greatly improved and 
that anyone associated with artificial insemina- 
tion would do well to obtain a copy. 

F. D. Barriert, JR. 
University of Illinois 
Urbana, Illinois 


VETERINARY MEDICINE, by D. C. Blood and 
J. A. Henderson. 1,008 pages. The Williams 
and Wilkins Company, Baltimore, Maryland. 
1960. Price, $15. 

This book has been written for veterinary 
medical students, practicing veterinarians, and 
other animal disease workers. The scope has 
been restricted mainly to diseases of cattle, 
horses, hogs, and sheep. Exotic diseases found 
only in limited areas are not considered in this 
book. The book is divided into two sections. 
The first part deals with the general principles 
of diseases as they affect individual organs or 
systems. Specific disease entities are considered 
in the second” part. The layout makes the book 
an easily used reference when information on 
an individual case is sought. A standard list 
of headings has been adhered to in the dis- 
cussion of each disease. 

A list of references is included for each dis- 
ease entity, hut the discussions are not a com- 
plete review of the literature. The references 
appear to have been included so that the reader 
may refer to them for further detail. 

Historical material and illustrations have not 
been included and details of bacteriology, path- 
ology, and parasitology have been kept to a 
minimum. Etiology, transmission, pathogenesis, 
clinical signs, clinical pathology, necropsy find- 
ings, diagnosis, treatment, and prevention are 
the major headings for each disease. 

The special medicine section is divided, ex- 
cept for the discussion on mastitis, primarily 
on the basis of causative agents. Diseases 
caused by bacteria, viruses, rickettsia, fungi, 
and protozoa are given detailed consideration, 
as are those due to deficiency of specific nu- 
trients. The section on toxicities caused by 
chemical and plant poisons is brief but ade- 
quate. Diseases caused by allergic reaction and 
by heritable factors are included. The manner 
in which the book is indexed makes it an easily 
used reference. 

Roger P. Link 
College of Veterinary Medicine 
University of Illinois, Urbana 
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Media for 


MYCOLOGY 


DIAGNOSTIC 


. . . for the isolation, identification and cultivation of pathogenic 
fungi. These media are also widely used in phytopathological studies. 
Several are neutral in reaction, giving optimum conditions for growth 
of a variety of fungi. The following may be prepared as selective media 
by the adjustment of reaction, addition of antibiotics or other agents: 


Bacto-Brain Heart Infusion Agar Bacto-Corn Meal Agar 
Bacto-Sabouraud Dextrose Agar Bacto-Corn Meal Agar 
Bacto-Sabouraud Maltose Agar with Dextrose 
Bacto-Littman Oxgall Agar Bacto-Bean Pod Agar 
Bacto-Mycological Agar Bacto-Prune Agar 
Bacto-Mycological Broth Bacto-Lima Bean Agar 


CONTROL 


. . . for sanitary and sterility procedures as weil as for general use in 
mycological procedures: 
Bacto-Sabouraud Maltrose Broth Bacto-Neurospora Culture Agar 
Bacto-Sabouraud Liquid Medium Bacto-Potato Dextrose Agar 
Bacto-Malt Extract Bacto-Mildew Test Medium 
Bacto-Malt Agar Bacto-W.L. Nutrient Medium 
Bacto-W.L. Differential Medium 


CLASSIFICATION 
. and nutritional studies of fungi: 


Bacto-Yeast Morphology Agar Bacto-Czapek Dox Broth 
Bacto-Yeast Carbon Base Bacto-Czapek Solution Agar 
Bacto-Yeast Nitrogen Base Bacto-Vitamin Free Yeast Base 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
is available on request. 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 








